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NOMENCLATURE 
A, B van Laar constants in equations 11-31 and 11-32 
A', B', C' = Redlich,-Kister constants in equations 11..::33, II-34, and 
n.,..35 
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= number of data points 
= measured transducer.output 
voltage drop across the 1 ohm resistor 
= transducer output .at full vacuum 
condensation of variables defined by equation 11.,..12 
= fugacity 
= standard state fugacity 
= molal Gibbs free eriergy 
= partial molal excess Gibbs free energy of component i 
correction to excess Gibbs free energy defined by 
equation II-50 
molal enthalpy 
= mole fraction 
number of components 
= moles of component i 
= total number of moles in a mixture 
pressure 
pure component vapor pressure 
= Universal gas law constant 
X 
s molal entropy 
T = absolute temperature 
V = mplar volume 
X = liquid phase mole fraction 









a specific value of x
1 
second virial coefficient 
= second virial coefficient of the mixture defined by 
equation II-16 
= activity coefficient 
= spacirig between adjacent value$ of x
1 
= Wilson parameters defined by equations 11~37 and 11-38 
= Wilson parameters 
= fugacity coefficient of pure i at pressure P: 
= mixture vapor pressure 
= calculated mixture vapor pressure 
= summation sign 
= standard error of estimate as defined by equation V-7 
fugacity coefficient 
Superscripts 
E excess thermodynamic property 
L -· liquid phase 
M = thermodynamic mixing property 
V = vapor phase 
xi 
Subscripts . 
i = component i 
j component j 
ii = denotes pure i 
jj denotes pure j 
ij denote.s interaction between components i and j 
1 = component 1 









- exponential operator fore, the base of natural logarithms 
= natural logarithm 




The complete identification of the thermodynamic mixing properties 
of a mixture requires a knowledge of both the heat of mixing and the 
excess Gibbs free energy of the mixture. Literature provides large 
amounts of both isothermal vapor-liquid equilibrium data (from which 
excess Gibbs energy may be calculated) ·and heat of mixing data.' How.-
ever, recent work at Oklahoma State University by Chao, Robinson, Smith, 
and Kuo (7) on solution theory has resulted in an awareness that sys-
tematic studies of the vapor~liquid equilibrium and heat of mixing in 
binary systems at the same temperature conditions are scarce. The lack 
of vapor-liquid equilibrium data on systems for which heat of mixing 
data are already available has led to the major objective of this 
study: to design, construct, and test a simplified apparatus for vapor~ 
liquid equilibrium measurements. 
In this study, vapor-liquid equilibrium data were determined from 
the measurements of mixture vapor pressure and liquid composition, The 
static vapor pressure method was chosen to avoid the tedious and often 
inaccurate experimental analysis of the vapor phase composition. Vapor 
pressure measurements at 25° C were taken over the.entire composition 
range of the following systems: 
1. normal hexane-benzene 
2. benzene-ethanol 
1 
3. normal hexane-ethanol 
These three non-ideal binary mixtures are combinations of organic com-
pounds from the three groups: alkanes, aromatics, and alcohols. 
Several authors report isothermal vapor~liquid equilibrium data 
for each of these systems at several temperatures (2, 3, 16, 19, 33, 
35, 40), but no authors report equilibrium data for these systems at 
2 
25° C. However, heat of mixing data for each of these systems at 25° C 
has been reported (18). The systems used for testing the apparatus were 
chosen because they would yield excess Gibbs energy data which could 
be combined with existing heat of mixing data to complete the identi-
fic.ation of pertinent mixing properties for each system at 25 ° C. 
CHAPTER II 
LITERATURE REVIEW 
In the early stages of this study, a review of.literature pertinent 
to the present work was undertaken. Literature concerning experimental 
apparatus, equilibrium data for the systems studied, thermodynamic prin-
ciples of vapor-liquid equilibrium, and methods of data reduction were 
given special attention, Each of these topics will be discussed in 
this chapter. 
Experimental Apparatus 
Descriptions of apparatus used in previous vapor pressure studies 
were investigated for ideas which could be used in the present apparatus 
design. 
Ljunglin (20) describes the apparatus which he used for s.olution 
vapor pressure measurements. His successful use of an absolute pressure 
transducer for pressure measurement led to the use of a transducer in 
the present study. Ljunglin's pressure transducer was connected to a 
140 ml glass equilibrium cell. As in the present design, the entire 
apparatus was submerged in a controlled-temperature bath. A disadvan-
tage of Ljunglin's design was his degassing apparatus. Ljunglin de-
gassed pure materials by intermittent withdrawal of vapor from a storage 
flask over the period of a week. He then transferred the pure materials 
to the glass cell by distillation under vacuum. 
3 
4 
The complicated transfer of degassed materials was avoided by 
Davison, Smith, and Chun (9). These authors describe an equilibrium 
cell with a built~in condenser that enables the mixture to be thoroughly 
degassed after it has been loaded in the equilibrium cell. This con-
denser feature has been used in the present study. Davison and co-
workers used mercury-in-glass manometers for pressure measurement. A 
disadvantage of their apparatus was the use of two greased ball joints 
and a greased vacuum stopcock between the equilibrium cell and the man~ 
ometer. In the present study, a greaseless high-vacuum stopcock was 
used to regulate flow from the equilibrium cell to the pressure trans-
ducer. 
An apparatus described by Hermsen (14) consists.of a metallic 
vapor pressure cell, sampling bulb, and null manometer. Pressure was 
measured with a mercury barometer. Additional degassing and sample 
loading equipment were used. Large laboratory jacks were used to raise 
and lower a thermostated bath beneath the equilibrium cell and null 
manometer. Hermsen's successful use of this equipment led to its fur-
ther use by Harris (13). 
Another successful vapor pre.ssure apparatus is described by 
Seate.hard, Wilson, and Satkiewicz (31). These authors use a glass 
equilibrium cell in conjunction with a null manometer and a main mano-
meter. The equilibrium apparatus was maintained in an air thermostat. 
The apparatus described by Hermsen and by Scatchard and co-workers 
were more complicated than desired in the present study. As previously 
stated, the apparatus used in this study was designed for simplicity 
without sacrifice of experimental accuracy. 
5 
Experimental Data 
Chemical Abstracts from 1907 to July, 1968 and compilations of 
vapor-liquid equilibrium data by Chu (8) and Timmermans (34) were used. 
to locate published equilibrium data for the systems studied. Although 
the literature provides no equilibrium data at 25° C, several authors 
report data for these systems at other temperatures. Available iso-
thermal vapor-liquid equilibrium data for these systems are summarized 
in Table I. 
TABLE I 
SUMMARY OF AVAILABLE EQUILIBRIUM DATA 






















Heat of mixing data for each of the binary mixtures and for the 
ternary mixture at 25° C have been measured and reported by Jones and 
Lu (18). For comparison with their data, these authors present the re-
sults of all previous heat of mixing studies for these systems at 25" C. 
Thermodynamic Principles of Vapor-Liquid Equilibrium 
A review of thermodynamic principles relevent to vapor-liquid 
equilibrium is presented in this section: 
The fundamental criterion for phase equilibrium is the equality 
of the fugacity of each component in every phase. For vapor-liquid 
equilibrium, 
where 
f~ = fv 
l. i 
f. = fugacity of component i, mm Hg'. 
l. 
(II-1) 
The definition of the fugacity of-a component in a mixture requires 
that, 
where ¢i = 
and N, = 
1. 
p = 
limit , ( ¢ . ) = 1. 0 
p + 0 l. 
f. /N.P = 
l. l. 
fugacity coefficient 
mole fraction of component i 
system pressure, mm Hg. 
(II-2) 
of component .i 
An ideal solution may be defined as one which obeys the Lewis"'7 
Randall fugacity rule, 
f. = N.f~ 
l. l. l. 
(II"'73) 
where f~ = fugacity of component i at a designated standard 
state, 
For completely miscible mixtures, the standard state fugacity, f~, is 
l. 
chosen to be the fugacity of the pure component at the temperature and 
pressure of the mixture. Departures from ideal solution behavior are 
accounted for by defining the activity coefficient~ For a, component 
6 






Yi = .. L I 
x. f~ I 
1 1 
L 
y i = liquid phase activi·ty coefficient of component i. 
x. mole fraction of component i in the liquid phase. 
1 
Equation II-1 may be substituted into equation II-4 to give 
V· 








For mixtures at low pressures, the vapor p_ll~se is often.assumed to 
behave as an ideal solution and as an ideal gas~ At these conditions,· 




fV = y,IT 
i 1 
IT= mixture vapor pressure, mm Hg. 
yi = mole fraction of component ·i in the vapor phase 
p* 
i 
vapor pressure of pure component i at system 
temperature, mm Hg. 















L p* \ y .x .. 
l l l l 
i=l 
n = number of components in the mixtureo 
(II-9) 
For a binary mixture, 
n (II-10) 
If the liquid phase is assumed to be incompressible, equation II-8 
may be modified in the following manner when vapor phase non-idealities 
are significant, 
where 





v~(n - P~) 
,'<:* [l l] x.P.v. exp RT 
l l l 
V 




* * f./P. 
l l 
fugacity coefficient of pure i at system 
temperature and pressure P~ 
L( ,'<:) V. IT - P. 
[ 
l l ] 
exp RT Poynting correction factor to the standard 
state fugacity of an incompressible liquid 
component i. 
L v. molar volume of component i at the system temperature, 
l 
cc/gram mole 
R Universal gas law constant 
T = absolute temperature, °Ko 
9 
For convenience, the fugacity coefficients and Poynting correction 
factor are combined in the form 
¢~ 
l. F. = ~~~~~~..,,_..,,_..,,_ 
1. v~ (II 
v* exp [ 1. 
i 
- P~) 
l. J . 
RT. · .. 
(II-12) 
With this simplification, equation II-.11 is rearranged to give equatipn~ · 
analogous to equation 11-9 and 11~10~ 
L * n n yox,P. 
l y. II II l l. l. l. = = 
i=l l. . i=l Fo l. 
(II-13) 
For a binary mixture, 
II = (II-14) 
Equation Il-14 ts the.basic equation for indirect calculations.of 
vapor:-liquid equilibrium values from IT-x data. 
Whe~ vapor phase non-idealities are significant, fugacity coeffi-
cients, ¢: and v~, may be calculated from an equation of state that 
l. l. . 
expresses pressure:-volume-temperature (PvT) behavior. For vapors at 
low to moderate pressures, the.virial equation of state may.be used. 
This equation, truncated after the second term, is 
rrv /RT = 1 + S/v + ..... (II-'15) 
where v = molar volume of the vapor phase, cc/gram mole 
S secoµd virial coe:l;ficient, cc/gram mole~ 
When the virial equation is applied to a mixture, the viria~ coefficient, 
Smix must be calculated by the relationship 
where Sii and Sjj = pure compc:ment second virial coefficients 
Sij(ijj) ~-second interaction virial coefficient of 
components i and j. 




0' Connell and Praus.nitz (23) show th~t the relation of fugacity coeffi-
cient to the virial equation, truncated after the .B term, is 
n 
= (2/v) L y.B .. - ln(Ilv/RT) 
j=l J 1J 
For a binary mixture, equation II-18 gives, 
V 
lncpl = (2/v) (y~J3 12 + y1 S11) - ln(Ilv/RT) 
(II-18) 
(II .... 19) 
(II-20) 
Equation II,-18, simplified for calculating fugacity coefficients of 
pure components, gives 
* * lnv. = (2/v.)(S .. ) - ln(P.v./RT) 
1 1 11 1 1· 
(II-21) 
Use of the virial equation for calculating fugacity coefficients 
by the .above equation is dependent on the availability of pure component 
11 
and interaction virial coef(icientf,\, Several correlations for the cal-, 
culation of second virial coefficients have been reported. A correla,-, 
tion by O'Connell and Prausnitz (23) was used in this study. 
~ brief discussion of thermodynamic·mixing properties is now pre-
sented. Chao (6) defines mixing properties as, "the change in proper-' 
ties accompanying the formation of the mixture from its pure components 
at the same.temperature and pressure as the mixture." For example, 
where 
n 
H - l x.H. 
i=l l. l. 
HM= molal heat of mixing, cal/gram mole 
H = molal enthalpy of the mixture, cal/gram mole 
H
1 
= molal enthalpy of pure component i, cal/gram mole. 
(II-22) 
Other thermodynami~ mixin~ properties may be defined by simtlar equa-





i=l l. l. 
GM= molal Gtbbs free energy of mixing, cal/gram mole. 
SM molal entropy of mixing, cal/(gram mole)(°K). 
(II-23) 
(II-24) 
Excess properties of mixing may be defined as the difference in 
actual mixing properties and the mixing properties of an ideal solu-, 
tion. Applying this definition and equations II-,23 and II-24 
(II-25) 
12 
GE GM,.. RT 
n 
= l x. ln(x.) 
i=l 1 1 
(II.-26) 
TSE TSM + RT 
n 
and = l x. ln(x.) 
i;,,l + 1 
(II.-27) 
where the superscript E denotes an excess molal property of mixing. If 
two of the above three excess propertie~ are known, the third property 
can be calculated by the relationship defining Gibbs free energy, 
Excess Gibbs free energy of mixing is related to activity coeffi-




RTln(yi) = -E = G 
i 
-E 
G. = partial molal excess Gibbs energy of component i, 
1 
cal/gram mole 
n. = moles of component i 
1 
n 
nT = l n = total moles in the mixture, 
. 1 i 1= 
(II-29) 
(II-30) 
The reader is referred to the text by Hougen and co-workers (17) for 
the derivation of these relationships. 
13 
Methods for Data Reduction 
Several methods have been proposed for the calculation of vapor:-
liquid equilibrium data from experimental liquid composition-vapor 
pressure data. Ljunglin and Van Ness (20) classify thes;e methods as 
being either direct or indirect. A brief discussion of the direct 
method is followed by a more detailed discussion of two indirect methods. 
Direct.Method 
The direct method presented by Ljunglin involves.integration of 
the coexistence equation, a first order differential equation which 
must be satisfied when phases coexist at equilibrium. Starting with a 
general form of the Gibbs-Duhem equation, Ljunglin derives a completely 
general form of the coexistence equation. Simplification of the.general 
equation for either a cons.taut temperature. or a constant pressure case 
and the use of an equation of state result in a form of the ·equation 
suitable for numerical integration. 
The main disadvantage of Ljunglin's direct method is that the cal-
culation cannot be carried through an azeotrope point where'the deriva~ 
tive of vapor pressure with respect to liquid composition, dIT/dx = O. 
One·must work from both ends of the rr-x curve toward the azeotrope. 
Indirect Methods 
The.indirect methods involve the calculation.of.liquid phase 
activity coefficieIJ,tS from which vapor phase compositions·are ~alcu-
lated. Barker (1) proposed the use.of a model relating activity coeff-
cient to liquid composition. Parameters for the selected model muE;t be 
calculated to give the best fit to the experimental vapor pressure data. 
14 
Three different models expressing the composition dependence of 
activity coefficient were.used in this study. Van Laar (36) proposed 








where the parameters A and Bare characteristic van Laar constants for 
each binary mixture. 
Redlich and Kister relate excess Gibbs free .energy to liquid com,-
position by a series function, 
(II-,33) · 
where A', B', C' •... = Redlich,...Kister constants for the mixture. 
Several terms may be used in this series function t? accurately.ftt 
the experim~n;al data. Redlich-Kister equations with two, three, and 
.. .i. ,J . 
four parameters were used iri this study. Equation II-33 may be differ,-
entiated according to equation II.-30 to obtain expressions for binary 







[A'(x -x) + B'(6x x -1) 
· 2 1 1 2 
(II-35) 
Wilson (31) derived an expression for excess Gibbs energy appli-
cable to multtoomponent .mixtures. The equat~on is 





l x.ln( l x.1\.l 
i=1 i j=l J J 
L L 
= v. /v. exp -[(;\ ... :-;\. .. ) /RT] 
J i . iJ ii 
L L 
= v./v. exp-[(>, .. -1i. •• )/RT] 




The physical significance of Wilson's parameters >,. • • and >,. •• is explained 
iJ ' ii 
by Orye and Prausnitz (24). They point out that whereas ~J:j = >,.ji' 
A .• 'F A... Activity coeffi_cients may be obtained from equation II:-36 
iJ Ji 
by applying equation II-30. The result is 
'· 
n n 
= -ln[ l x.Ak.] + 1 - l 
j=l J J i=l n 
x./1..k 
i i 
l x.A .. 
j=l J iJ 
(II:-39) 
Equation II-39 may be used with equation IL-11 to predict multicpmponent 
vapor-liquid equilibrium data if the constants,. A .. and A .. are known for 
iJ . Ji 
each pair of components in the multicomponent mixture. For binary mix-
tures equation II-39 reduce~ to 
16 
x2~1 JIT2 A21 x,] ln(y 1) = -ln(x1 + A12x) + + J\'12Xz 11:21 x1 + (II:-40) 
ln(y2) -ln(x2 + A21 xl) 
A12 A21 
~ (II-41) and = -xi~ +A X A21x1 + X . xl 12 2 2 ' 
The main disadvantage of Barker's indirect method is that some 
model must be chosen to express the activity coefficient-composition 
relationship. For some mixtures, no activity coefficient expression 
results in a good fit of experimental rr~x data. 
This disadvantage may be avoided by an indirect method described 
by Mixon, Gumows~i, and Carpenter (22). Instead of using a model for 
activity coefficient, these authors.use an iterative numerical calcula-
tion of activity coefficient. This numerical calculation is based on 
equations for the partial molal excess Gibbs free energy developed by. 
Dodge (10). For a binary mixture these equations are 
-E E ( a GE ) ( aGE ) \,r G1 = G + axl T,.. p xl a:xl ' T p 
t ' 
(II-42) 
and -E GE - ( aGE) Gz = Xl -.-
axl · T,P V 
(II-43) 





Equations II-44 and II-45 may.be solved for activity coefficients to 
give 
+ 
~E E E J L (aG /ax1)T ptx1 (aG /ax1)T p 




L [GE - x 1 (aGE/ax1)T p J 
Y2 = exp RT . · · 
In Mixon's method, equally spaced values of x are used~ 
l 
E 




,------·-.-··· E ... , ..... -···---~ .. 
this restriction, values ofl_.\J-'--~-J~~t~-!'.~Y}nay be calculated by the finite 
difference expression 
= (II-48) 
where E a.= value of x
1 
for which aG /ax
1 
is evaluated 
I:::.= spacing between adjacent values of x
1
, 
Equations II-46, II-47, and II-48 may be substituted into equation 
II-10 to give 
II = 
(II-49) 
With the initial assumption that GE= 0 at each of the equally 
sp~ced yalues of x
1
, equation II~49 is used to calculate __ value of.II. 
corr~~2o~ding to each value of x
1 • 
Calculated values of II are-compared -
with the e;x:perimeµtal values. Mixon outlines a technique by which 
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improved values of GE are calculated as 
:;:: GE + gE 
old (II-50) 
where gE:;:: correction to previous value of GE. 
E Values,of G are then used in equatio~ II-49 for the calculaqon of new 
II. 
E This iterative proc~dure'of improving the values of .G and calcu-
lating values pf II is repeated until calculated pressures agree with 
experimental values within a specified tolerance. 
After the pressure calculations converge, vapor compositions are 
calculated by arranging equation II-,-8 in the form 
Y1 :;:: (II-51) 
The values of y 1 calculat~d .by.equat~on II-51 are based on the assump.,.. 
tion of an ideal vapor p\lase. 
The·Mixon ~ethod may be extended tp include corrections for a non,-
ideal vapor phase~ Valµes of y 1 calculated by equation II-51 are used 
to calculate; fugacity coefficients from equationE! u.,..19 and II-20. 
·' These values of ¢1 and ¢2 are used with .values of pure component 
fugacity coefficients and Poynting correction factors for the calpula-
tfon of II by ~quation II,-~4. If these values of II differ from the 
i 1 1 M. I • • f . . GE b exper menta .va ues, ixon s iterative process o , improving mus.t e 
repeated, After pressure calculations converge again, new values of 
y1 are calculated by a form of equation II-11 
(II-52) 
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The entire iterative procedure is continued until all values of y 1 'v 
agree with previous values of y
1 
within a specified tolerance. 
The method developed by Mixqn and co .... workers has one disadvantage. 
The experimental data must be smoothed for the determination of IT values 
at equally spaced intervals of x1 • Mixon sug~ests that the ,IT-x qat~ 
can be smoothed by a polynomial 
(IL-53) 
~here the constants a, b, etc. are determined by statistical methods. 
. '\ 
This author believes that use of equation II-53 cancels the main ad-
vantage of Mixon's method which was to avoid using a model in fitting 
the,IT--x data. For this reason, values of IT at mole fraction intervals 
of 0.05 were determined from large plots of t4e experimental Il-x data 
in this study. 
All.methods for calculating equilibrium data from solution vapor 
pressures have one common disadvantage. Since each method depends on. 
some form of the Gibbs-Duhem equation, this cannot be used to test the. 
experimental data for the0nodynamic consistency. :Other techniques must 
be used to determine the consistency of the data. 
CHAPTER III 
APPARATUS AND MATERIALS 
The measurement of mixture vapor pressure was'accomplished by 
using a glass equilibrium cell.connected to an absolute pressure trans-
ducer. A.vacuum system was used for degassing the cell, transducer, 
and materials. Isothermal equilibrium was attained by submerging the 
cell and transducer in a ·constant temperature bath. Additional equip-
ment ·was used for preparation al).d analysis of each liquid mixture, The 
details of these apparatus and the materials used are discussed in this 
chapter. 
Vapor Pressure Apparatus 
Equilibrium Cell 
An equilibrium cell was·constructed from pyrex glass~ Each mix-
ture was introduced. irito the cell.before the degassing phase of the 
experimental procedure. By using a single cell for both degassing and 
pressure measurement; the construction of a separate degassing appara-
tus was not· required. The tedious. process of transferring "degassed11 
materials to the vapor pressure cell was·, also avoided, The cell is 
illustrated in Figure 1. (Letters used below refer to Figure 1,) 
Stopcock A controlled flow to and from sidearms Band C and com-
part)1lent D. The stopcock was a greaseless, high. vacuum, 3-way stop,-













Figure.l, Equilibrium Cell 
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commercial items such as _the 3-way stopcock.) Three 0-rings above side-
arm C and three 0-rings above sidearm B provide vacuum tight seals be,-
tween the tefl6n plug E and the glass walls of the stopcock. Plug E 
can be screwed up and. down to open or close compartment D to sidearm 
B. When the plug is all the way in the.down position, a small 0-ring 
seats directly above expansion F to form a vacuum.tight seal. Inside 
of the plug· is. a valve G which opens sidearm B to sidearm C. 0-rings 
are used for vacuum seals between.the valve and the inside of the plug. 
When both,the plug and the valve are in the.up position, both sidearms 
and the compartment are simultaneously open. 
Each of the two sid,earms is five cm· 1ong and has an 18/9 pyrex 
socket attached at it.s 'end. Compartment D was constructed from cylin-
drical glass tubing and has a volume of 42 cc. A small glass encapsu~ 
lated magnetic spinbar·rests :i,.n the bottom of the compartment. Com-
partment Dis connected to expansio;n F by condenser H, The condenser 
which is twelve, cm long has ·an inner tube of ten nrrn diameter and an 
outer tube of 25 nun diameter. 
Transducer and Electrical Circuit 
Vapor presslires were measured w:i th an absolute pressure .transducer, 
J. (See Appendix A for transducer specificat:ions.) The transducer was 
installed in a waterproof adapter. The .kovar end of a kovar to pyrex 
seal was connected to the transducer adapter by a Swa~elok male con-
nector. An 18/9 ball member was'attached tp,the pyrex end of the kovar 
seal. Total length of the extension K from the transducer adapter was 
five cm. During the final degassing and pressure measurement phases 
of the experimental procedure, the ball member. of extension K was. 
23 
clamped to the socket member of sidearm B. 
Figure 2 shows a schematic diagram. of the el·ecttical circuit used 
with the pressure transducer. (Letters used below now refer to Figure 
2.) The pressure transducer A required an excitation of 5 volts de. 
which was supplied by power supply B. Output from the.transducer 
ranged from about -4 mv at vacuum to aqout.11 mv at atmospheric pres~ 
sure, This output was .read to the nearest 0.0001 mv on potentiometer 
C. Power·supply E provided 2 volts de input ·to the potentiometer. 
Galvanometer D was used as a.null indicator. 
A 1 ohm precision resistor.and a 2000 ohm precision resistor were 
connected iri series. This resistor circuit was connected in parallel 
with the input leads of the transducer~ Therefore, the voltage drop 
across the resistor circu;i.t equaled the,voltage supplied to the pressure 
transducer. Output leads were. conne.cted to the 1 ohm resistor so that 
the voltage drop across this resistor could be monito.red. The· output· 
leads from the ·transducer and the output leads from the 1 ohm resistor 
were connected at different positions of a.two gang multiple selector 
·switch F. Leads from the common termina,1 of the swi.tcih .. led to the load 
terminals of the potentiometer. 
A potential drop of ,5 volts across each branch of the parallel 
circuit-is equivalent ·to a drop of 2,5 mv across the 1 ohm resistor. 
Before each run, the power-supply was adjusted so that the galvanometer ., 
indicated a null when the potentiometer indicated a 2.5 mv drop across 
the 1 ohm, resistor. BE!to .. re each pressure reading, the. voltage drop 
across the 1 ohm resistor was measured, This voltage drop had normally 
drifted from the initial setting of 2~5 mv, (Deviations from 2.5 mv 
were always less than ±0.001 mv.) To correct for this slight drift, 
B 











Figure 2. Schematic Diagram of Electrical Circuit 
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the following correction formula was used for each pressure reading: 
E = E (E./2.5 mv) (III-1) 
C m 1 
whe~e E = corrected transducer output, mv 
C 
E = measured transducer output, mv 
m 
E. = voltage drop across the 1 ohm resistor, mv 
1. 
This correction formula results from the proportional relationship be-
t~een the output of the transducer and its excitation. 
The transducer was.· calibrated at 25° C against a Texas Instrument~ 
fused quartz precision pressure gage which hadbeen,calibrated by the 
manufacturer. The precision gage could be read to the nearest 0.01 mm 
Hg. Due to drift in the transducer output at full vacuum (1 micron) 
the transducer was calibrated relative to its output at full vacuum. 
Evaluation of the calibration data resulted in the following polynomial: 
TI= 0.0132 + 48.9091(E - E0 ) - 0.01537 (E - E0 ) 2 
C C . C C 
(III-2) 
where E0 = corrected transducer output at full vacuum, mm Hg. 
C 
Values of TI calculated from this polynomial deviated from the true 
pressures as indic,ated by the quartz tube gage by an average of less 
than 0.04 nun Hg, 
Degassing Apparatus 
A leak tight vacuum system was,constructed for degassing the appa-
ratus and materials. A vacuum manifold with two greased stopcocks was 
constructed from glass tubing. Flexible rubber vacuum tubing connected 
the "left" stopcock of the manifold tp the "low pressure" side of a 
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cartesian manostat. On the "high pressure" side of the manos.tat, vac-:-
uum tubing led to a glass "T" which was connected to (1) a Bourdon 
vacuum guage and (2) an 18/9 glass ball. The manostat was used to reg-
ulate the degree of vacuum in the equilibrium cell during the first 
phase of degassing. The "right'·' stopcock was connected directly to an 
18/9 ball member by vacuum tubing. A full vacuum of 1 micron could be 
pulled on the equilibrium cell through the "rightn stopcock by clamping 
its ball member to one of the sidearms of the equilibrium cell. 
Pressure.in the vacuum system was measured with a McLeod gage. A 
cold trap immersed in liquid nitrogen was.used to trap condensable mate, 
ria.ls · before they reached the pump. A schematic diagram of the vacuum 
system appears in Figure 3 below. 
Constant.Temperature Bath 
The constant temperature bath was a commercial unit. Dimensions 
of the bath were 15 in. by 12 in, by 13 in. Water was the bath fluid. 
Heat was supplied to the bath by two immersion heaters. One of the 
heaters was intermittent and one was auxilia~y. Both heaters were con-
trolled by a.thermoregulator operating in.conjunction with a relay. 
Water chilled to 40° F by .a commercial water.chiller was pumped through 
a coil of copper tubiJg submerged in the bath. The flow rate of the 
I 
\ cooling water was regulated so that the off:--on cycle of the inter'."". 
mittent heater had a period of approximately two minutes. The bath 
fluid was mixed by a heavy duty stirrer driven by a 1/30 hp mo.tor. 
The temperature of the bath was measured with a mercury-in-glass 
thermometer which· had divisions of·0.01° C. The mercury thermometer 














Figure 3. Schematic Diagram of Vacuum System 
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calibrated by the National Bureau of Standards. When operating at 25° 
C, the bath temperature could be controlled to within ±0.015° C~; 
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A water driven magnetic stirrer which rested in the bottom of the 
bath was used to turn the . spinbat in the equilibrium cell while the 
mixture was reaching .isothermal equilibrium. 
Support Frame and Table 
The temperature bath'; equilibrium cell, and vacuum manifold were 
mounted on a frame and table which were constructed from slotted angle 
iron and plywood. Dimensions of the frame were 3 ft by 2 ft. by 2.5 ft. 
A plywood backboard which had a height of 2.5 ft, extended vertically 
at, the rear of the frame. ; 
A sheet-of plywood bolted to the frame 9 inches above the floor 
supported the temperature bath. The·top pf the bath was flush with the 
top ·of the frame. The main. working table .extended from the left edge 
of the frame to the top left; edge of the temperature bath. 
Two aluminum rods attached to the plywood backboard extended hori-
zonta,lly abov~ the temperature bath. Another aluminum rod was. clamped 
vertically to the horizontal rods. A clamp was also provided to secure 
the equilibrium cell in its position with the transducer. The cell and 
transducer could .be lowered irito the _bath by loosening the clamps which. 
held the vertical rod. 
The va.cuum manifold was supported by clamps and rods extending 
from the backboard. The equilibrium cell was supported in a ~imilar 
manner during the first ph~se of degassing. 
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Mixture Preparation and Transfer Apparatus 
Small glass bottles were used to hold the pure components and the 
liquid mixture before each run. Glass syringes were used to transfer 
the pure components to the mixture bottle and to transfer the mixture 
to the equilibrium cell. 
A Metler balance was used for the gravimetric preparation of each 
liquid mixture. The balance could be read to the nearest 0.01 mg and 
it had a rated accuracy of ±0.02 mg. 
Liquid Composition Analysis Apparatus 
A refractometer was used to compare the liquid composition before 
and after each run for the systems hexane-benzene and benzene-ethanol. 
The refractometer had a rated accuracy of ±0.00003 units. Conventional 
temperature control equipment was used to maintain the prisms of the 
refractometer at 25° C. 
Materials 
The organic chemicals used in this study are listed below with 




Phillips Petroleum Co. 
Phillips Petroleum Co. 




All chemicals were used a~ received. Phillips Petroleum Company 
indicated that the impurities in the normal hexane were methylcyclo-
pentane and 3-methylpentane and that the impurity in benzene was most 
probably toluene. The chemicals were stored over molecular sieve.to 
remove water which might have been absorbed from the atmosphere. 
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CHAPTER IV 
EXPERIMENTAL PROCEDURE AND RESULTS 
The experimental methods used to obtain data for this study are 
described below. A tabulation of experimental results is included in 
this chapter. 
Mixture Preparation and Composition Analysis 
At the beginning of each experimental run, a mixture having a 
desir.~d overall composition was prepared gravimetrically. Details of 
the mixture preparation and composition analysis are as follows. 
To begin the preparation of each binary mixture, portions of.each 
pure component were transferred through funnels to separate 60 cc bot-
tles. The volume of each component necessary for the preparation of a 
binary mixture having a total volume of 45 ml and a known molar compo-
sition had been calculated. 
A clean, dry glass bottle and its attached lid were placed on the. 
pan of the Metler balance. The mass of the bottle as indicated by the 
balance was ,recorded. The bottle was removed from the pan, and the 
desired volume of component 1 was delivered to the bottle through a 
hypodermic syringe. The lid was screwed on and the bottle a~d its con-
tents were weighed on the balance. This weight was recorded. In like 
manner, the desired volume of component 2 was.delivered to the mixture 
bottle. Again the bottle and its contents were weighed and the weight 
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was recorded. The mass of each component in the mixture was.calculated 
by difference. The number of moles of each component and the mole 
fraction of each component were calculated by the usual methods. 
The gravimetric determination of liquid composition as described 
above was chosen for its simplicity and high accuracy. However, a 
major concern was whether or not this liquid composition remained con-
stant during the experimental procedure, which included degassing. To 
determine whether or not a composition change occurred, the refractive 
index of each mixture was measured before and after each run. By assum-
ing that refractive index is a linear function of mole fraction, an 
estimate of the change in mole fraction of the mixture could be deter-
mined from the difference in refractive index before and after each 
run. If the change in composition had been appreciable, the true 
mixture composition could have been determined directly from the re-
fractive index of the mixture after the run by using an experimentally 
determined index of refraction-liquid composition relationship. 
The refractometer described in the previous chapter was used 
according to the manufacturer's instruction manual. The maximum change 
in mole fraction for 21 runs with the systems hexane-benzene and 
benzene-ethanol was 0.002. The average change in mole fraction was 
less than 0.001. Since this change was not considered appreciable, 
refractive index was not measured for the hexane-ethanol runs. 
Loading the Cell 
The equilibrium cell was secured in its clamp above the table. 
A 12 inch length of teflon "spaghetti" tubing was pushed through side-
arm B int.o the condenser until one end of the tubing reached the bottom 
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of compartment D. (See Figure 1.) The other end of the tubing remained 
outside sidearm B. A total of 38 ml of the mixture was transferred by 
a syringe through the teflon tubing into the cell. After the cell was 
loaded, plug E and valve G were both closed to prevent further contact 
of the mixture with the atmosphere. 
Degassing the Mixture and Apparatus 
Degassing was one of .the most critical phases of the experimental 
prqcedure. The elimination of all air from the mixture and apparatus 
was essential for the accurate measurement of mixture vapor pres,sure. 
The degassing procedure was divided into tw:o phases; each phase will 
be described separately. 
Boiling-Condensation 
The boiling-condensation procedure for degassing the mixture was 
an adaptation of the method described by Davison, Smith, and Chun (9). 
Immediately after the cell was 'loaded, the 18/9 ball member con-
nected to the glass "T" was clamped to the socket ,of sidearm B. A 100 
ml glass beaker wrapped with electrical heating tape was brought up 
around the compartment of .the cell. The beaker was held in this posi-
tion while an ele.ctrical magnetic stirr:er was brought into position 
beneath the beaker. Water was •poured into the beaker submerging the 
compartment. The leads from the heating tape were.plugged into the 
receptacle of a variable powerstat. Water at 40° F was pumped from the 
water chiller through tygon. tubing and circulated through the condenser 
above compartment D. 
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With the degassing apparatus in the position described, the left 
stopcock of the vacuum manifold was opened and the manostat. was adjusted 
for the desired pressure in the equilibrium cell. The desired pressure 
was 200 mm Hg for the less volatile mixtures and ranged up to 300 mm Hg 
for the more volatile mixtures. By opening plug E of the equilibrium 
cell the pressure in the compartment was lowered to the pressure indi-
cated by the gauge. Air bubbles could be seen rising to the surface 
of the mixture. The magnetic stirrer was adjusted so that the spinbar 
stirred the mixture at a moderate rate. 
Heat was supplied through the electrical heating tape until the 
mixture reached its boiling temperature. By adjusting the variable 
powerstat the mixture received just enough heat to boil smoothly. As 
the mixture boiled, the vapors condensed in the lower. portion of the 
condenser and returned to the cell. 
After boiling with complete condensation had contipued for about 
one hour, the flow of cooling water was discontinued; the tygon tubing 
was disconnected from the condenser, and the water was drained from the 
condenser. Air was forced out of the system as the ring of condensa~ 
tion progressed up the inner condenser tube. When the first vapors 
were observed condensing above the bottom 0-ring, plug E was tightly 
closed to prevent appreciable change in mix.ture composition by loss 
of vapors from the system. The manostat was'fully opened to allow the 
small amount of condensed material to be removed from the stopcock par-
tion of the equilibrium cell. With this final step, the first phase 




Pumping Above Frozen Mixture 
The left stopcock of the manifold was closed and the cell was 
removed from its position above the table. The ground glass socket on 
sidearm Band the ball extending from the transducer adapter were 
lightly lubricated with stopcock grease. The cell was then clamped 
in position with the transducer above the water bath. The ball member 
connected to the right stopcock of the manifold was clamped to the soc,.. 
ket of sidearm C. This stopcock and valve G were opened. A full 
vacuum resulted in thorough degassing of the 3-way stopcock and the 
glass tubing which led to the transducer. 
A piece of plywood was supported on the front and back edges of 
the water bath. A dewar flask was brought up around the compartment 
of the equilibrium cell and supported by the plywood. Liquid nitrogen 
was poured into the dewar flask until the compartment was submerged. 
After the mixture was completely frozen (30 minutes was allowed 
for freezing) plug E was opened so that a full vacuum was attained 
above the' frozen mixture. Ideally, any air which remained in the 
system after the boiling phase of degassing was removed by pumping 
above the solid for a period of about one hour. Care was 'taken to keep 
the compartment submerged in liquid nitrogen during this one hour 
period. 
Hermsen and Prausnitz (14) state that an indication of complete 
degassing of a mixture is the absence of bubbles leaving the solid 
as it thaws. This criterion for complete degassing was used in this 
study. 
Plug E was shut and the dewar was removed from its position. A 
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stream of dry compressed air was sprayed on the compartment of the cell 
to remove frost which formed on the cold glass cell. The removal of 
frost was essential for c:).ear. obser.vation of the melting process. Qb..., 
servation of a single bubble during melting indicated incomplete de~ 
gassing. 
The freezing-pumping process was ·repeated at leas.t one time to 
check for complete degassing. If no bubbles were observed during the 
second thaw, degassing was considered complete. If less than three 
bubb.les were observed during the E\econd thaw, an attempt was made to 
complete the degassing by repeating the freezing technique. If more 
than .three bubbles wete observed during the second thaw, the boiling 
pha,se was'repeated before further freezings were attempted. It was 
necessary to repeat the boiling phase for four of the 33 experimental 
runs. 
Establishing Equilibrium and Pressure Measurement 
Isothermal equilibrium between liquid and vapor phas_es is easily 
established when static rather than dynamic methods (such as circulating 
stills) are used. Details of this step are described ·below. 
After the mixture had been thoroughly degassed, valve G of the 
equilibrium cell was tightly closed to prevent loss of the vacuum which 
had been established in sidearm B and extension K. · The right stopcock 
of,the manifold was ·closed and the ball joint at sidearm C was dis-
conne.cted. 
The equilibrium cell-traq.sducer assembly was lowered into the con-
stant temperature bath by loosening the clamps which held the vertical 
support rod. The rod was .lowered until the transducer was completely 
37 
submerged and the bottom of the cell touched the water powered magnetic 
stirrer. The assembly was held in this position by tightening the 
clamps on the support rod. 
The vacuum tubing which held the glass ball member was removed 
from the right stopcock of the manifold .. This tubing, was replaced with· 
a short .section of vacuum tubing which led through a 20 inch piece.of 
3/8 in. o.d. copper tubing to another sect.ion of rubber tubing which 
held an 18/9 ball member .. · This new extension from the stopcock was 
exactly long enough to reach the socket of sidearm C after the cell 
was submerged. The ball joint was tightly clamped in this new position. 
The stopcock at the manifold and the valve on the equilibrium cell were 
opened so that degassing of the apparatus could continue. 
The solution was stirred at a moderate rate by circulating tap 
water through the magnetic stirrer. The temperature of .the bath was 
checked and the temperature controller was adjusted if necessary. One 
hour was allowed.for the mixture and transducer to reach the bath tem-
perature of 25° C. During this one hour.period, the output voltage 
of the transducer at full.vacuum was observed. This output and the 
corresponding voltage drop across.the one ohm resistor were recorded. 
The corrected ttanaducer output, E0 , would be used iri the calculation 
C 
of pressure by equation III-2. 
After the system reached the bath temperature, valve G waa closed 
so that the vacuum pump did not pull on any portion of the.apparatus 
below sidearm C. Plug E was opened 1 1/2 turr1-s so that the vapor phase 
of the mixture could expand above the bottom 0-ring and into the evac-
uated glass tubing leading to the transducer . 
• 
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Prelim:inary experimental runs showed.that heat added to the mixture 
by movement of the magnetic spinbar caused a slight increase in mixture 
temperature and a slightly inaccurate vapor pressure. Therefore, flow 
of water through the magnetic stirrer was discontinued five minutes 
after plug E was opened. Five minutes later, the first pressure reading 
was taken. The voltage output of the transduce.r and the voltage drop 
across the 1 ohm resistor were recorded. These measurements were re-
peated at five minute intervals until the.pressure changed not more 
than O. 02 lill!l Hg during a ten minute period, i. e., · the trans.ducer out..;. 
put'varied not more than 0.0004 mv for three successive pressure read-,. 
ings. The time required for equilibrium and constant vapor pressure 
to occur varied for different runs, For pure ethanol and mixtures 
with high ethanol concentrations, equilibrium was attained about 15 
minutes after plug E was'opened. Mixtures high iri benzene and/or hex.., 
ane required up to 50 minutes to reach a constant vapor pressure, 
After the mixture vapor pressure was determined, plug E was-closed· 
and valve G was\opened so that the glass tubing leading to the trans..,. 
ducer could be evacuated. After fifteen minutes had.been·allowed for 
evacuation of this portion of the apparatus, E0 and E. were again · m 1 
measured and recorded. If E0 differed from the value determined before. 
C 
the pressure measurements began, the more recent ·value was used in the 
calculation of II by equation III-2. 
At this time during each run, the bath temperature could have been. 
changed if measurements at more than one temperatu+e had been.desired, 
After sufficient time had been allowed for the mixture and transducer 
to reach.the new temperature, vapor pressure measurements would have 
been·repeated. This procedure could have been repeated several ttmes 
for the determination of vapor pr~ssure at several temperatures. 
Since pressure measu.rements. were. d~sired only at 25 ° C in the 
present study, the ball joint at sidearm C was disconnected, and the 
equilibrium cell-transducer assembly was removed from the bath. 
Apparatus Maintenance 
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At the completion of each run, the equilibrium cell and other glass 
equipment were cleaned to prevent contamination of the next mixture! 
Details of the apparatus maintenance will be briefly described; 
The equilibr~um cell was disconnected from its assembly with the 
transducer. The cell was then clamped in its original position above 
the table. The 20 cc syringe and teflon "~paghetti" tubing were used 
to remove the mixture from the compartment of the cell. The first 20 
ml to be removed were saved iri one of the small glass bottles. The re-
mainder of the mixture was discarded; The 20 ml sruq.ple was taken to 
the refractometer. The refractive index of the mixture after the run 
was measured and recorded. (See Chap·ter . HI, Vapor Pressure Apparatus.) 
Disposable Kimwipes were used to clea~ stopcock grease from the 
socket of sidearm B and. from the ball member of the extension K. Re-
moval of grease from these portions of the apparatus was essential to 
minimize contamination of the next run due to stopcock grease. The 
socket at sidearm B was connected to the ball member at the glass "T", 
and the left stopcock of the manifold was opened. The cell was evacu-
ated and quickly dried. The organic vapors oo~densed in.the cold t~ap 
before they could reach the vacuum pump. 
The glass bottles and :the funnels were washed with soap and water, 
After being thoroughly rinsed with tap water, these items were rinsed 
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with distilled water and acetone. The bottles and funnels were allowed 
to dry by evaporation at .room temperature. The cold trap was removed 
from the vacuum line, cleaned and replaced in its position. 
Experimental Results 
The experimental procedure describ~d above was used over the 
entire composition range for each of the three binary systems at 25° C. 
Experimental results of this study are given in Tables II, III~. and IV. 
Graphical presentation of the experimental data is shown iri Figures 4, 
5, and 6. Plotted with the experimental II-x data are vapor compositions 
calculated by Mixon 1 s Method. These calculations are discussed iri the 
next chapter. 
TABLE II 
EXPERIMENTAL VAPOR PRESSURE DATA.AT 25° C FOR 
THE SYSTEM N-HEXANE-BENZENE 




























EXPERIMENTAL VAPOR PRESSURE DATA AT 25° C FOR 
THE SYSTEM BENZENE-ETHANOL 

























EXPERIMENTAL VAPOR PRESSURE DATA AT 25° C FOR 
THE SYSTEM N-HEXANE-ETHANOL 
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LIQUID OR VAPOR MOLE FRACTION n-HEXANE 
Figure 6. Vapor Pressure at: 25° C for the System n-Hexarte-Ethanol 
CHAPTER V 
DISCUSSION OF RESULTS 
The experimental data from this study have been tabulated in the 
previous chapter. In this chapter, the significance of these data will 
be discussed. 
First, the accuracy of the experimental pressure measurements is 
discussed. Several models for expressing the composition dependence of 
activity coefficient are then compared for each system studied. Vapor~ 
liquid equilibrium data calculated from the best model for each system 
are compared with results from the Mixon exact method. Next; the use 
of Wilson's equation for prediction of heat of mixing data from vapor-
liquid equilibrium (VLE) data is discussed.. Tabulation of excess tern~ 
perature-entropy product completes the thermodynamic mixing data for 
each system at 25 ° C. An analysis· of .the consis.tency of the experimen-
tal data with literature data concludes. this chapter. 
Accuracy of the Experimental Data 
Possible sources of experimental error are discussed in this .sec-
tion. Also inc~uded is a comparison of pure component vapor pressures 
with literature values. 
Experimental Error 
The most probable cause of experimental error in the measurement 
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of solution vapor pressure is incomplete degassing, which would result 
in a measured pressure greater than the actual pressure. As previously 
mentioned, the absence of bubbles during melting was the criterion for 
complete degassing in this study. 
Another cause for experimental error in this study might have been 
the use of a lubricated ball and socket between the equilibrium cell 
and the transducer. The organic vapors may have been slightly contami-
nated by the lubricant. Ball members utilizing teflon cladding and o~ 
rings were originally used instead of a lubricated joint. However, 
leaks in the system resulted in use of the lubricated joint. At the 
completion of each run, there was visual evidence that the lubricant 
had been attacked by the organic vapors; No estimate of the degree of 
error caused by this contamination can be made, but a significant con-
tribution to the overall error is deemed highly unlikely~ 
Pure Component Vapor Pressures 
A comparison of experimental pure component vapor pre~sures with 
literature values gives an indication of the accuracy of the experi-
mental measurements. The vapor pressure of pure ethanol at 25° C was 
measured four times before ~ny mixture data were taken, once at the 
beginning of the benzene-ethanol runs and once at the beginning of the 
hexane-ethanol runs. The vapor pressure of pure benzene was measured 
once, and the vapor pressure of pure hexane was measured twice. Results 
of these measurements are compared with literature values in Table V; 
Literature values were calculated using Antoine constants tabulated by 
Prausnitz and co-workers (25)i 
For ethanol and benzene the measured vapor pressures are close to 
the literature values. For hexane, the.deviation from the literature 
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value is significant; however, the two experimental measurements agree 
within 0.3 mm Hg. 
TABLE V 
PURE COMPONENT VAPOR PRESSURES AT 25° C 
p* 
(a) 
p,~ -P* mm Hg p~. ' mm Hg mm Hg exptl' it exptl lit' 
Ethanol 
58.86 59.17 -0.31 
58.89 59.17 -0.28 
59.47 59.17 +0.30 
58.90 59.17 -0.27 
59.36 59.17 +0.19 
58.90 59.17 -0.27 
Benzene 
95.24 95.18 +0.06 
n-Hexane 
152.99 151. 33 +1.66 
152069 151.33 +1.35 
( a,) Calculated by Antoine equation (25). 
On the basis of these pure component data, the mixture vapor pres-
sure are estimated within ±0.3 mm Hg. 
Vapor-Liquid Equilibrium Data by Barker's Method 
As discussed in Chapter II, Barker's method involves the calcula-
tion of parameters for an activity coefficient model which result in 
the best fit to the experimental TI-x data. In this study, a computer 






\' ( - TI )2 
l TI calc i 
i=l 
experimental vapor pressures 
calculated vapor pressures 
D = number of data points 
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A brief explanation of how values of TI 
1 
were determined is pertinent. 
ca c 
Equation II-,13 can be rearranged for a binary mixture as 
(V-1) 
and 
L . '~ 
y
2
(1 - x 1)P2 
F2 
(V-2) 
Dividing equation V-1 by equation V-:-2 gives 
(V-3) 
If values of all the terms on the right side of equation V-3 are known, 
C 
1 - y 1 
and 








The computer program uses initially assumed parameter values to calcu-
late y 2 and y 1 . With the assumption that F1 = F2 = 1.0, values of y 1 
and IIcalc are calculated by equations V-5 and V-6 respectively. These 
values of Y1 and IIcalc are used to calculate new values of F1 and F2 
by methods discussed in Chapter II. The calculation of y and II by 
1 calc 
equations V-5 and V-6 is repeated until convergence occurs. Next, the 
program compares values of II 
1 
with experimental values so that im-
ca c 
proved estimates of the parameters can be made. This iterative pro-
cedure is repeated until the least squares criterion is satisfied. 
Parameters for the van Laar equation, the Wilson equation, and 
three forms of the Redlich-Kister equation were calculated for each 




I (II - II ca.le)~ , 
i.=1 
0 = (V-7) 
D 
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is the model which best fit the experimental data. Table VI gives the 
value of a for each model and each system. Also tabulated are maximum 
errors and the value of x
1 
where the maximum error occurred. 
Table VI shows that for each system the Wilson equation gives the 
best fit for 2-parameter expressions. For the hexane-ethanol system, 
Wilson I s e.quation fits the experimental data better than the 3 and 4-
parameter Redlich-Kister equations, For the benzene-ethanol system, 
Wilson's equation is significantly better than the 3-parameter Redlich-
Kister (R-K) equation. However, the 4-parameter R-K equation gives a 
slightly improved fit. For the hexane-benzene system, both the 3 and 4-
parameter R-K equations fit the data better than the Wilson equation. 
Notice, however, that for this system all five models have approximately 
the same value of o. 
These observations support the conclusion of Orye and Prausnitz 
(24) that the Wilson equation 11appears to be the best 2-parameter equa-
tion suitable for a wide variety of mixtures." Harris (13) found that .•. 
in his studies, "significant improvement· was obtained by using the 
3-parameter Redlich-Kister expression." 
Table VI may be us_ed to estimate the precision of the experimental 
data. The standard error for the Wilson e.quation fit to the benzene-
ethanol data is 0.17 mm Hg; the maximum error is 0.34 mm Hg. These 
deviations result from both data scatter and lack of fit to the experi-
mental data by the Wilson equation. Assuming that the larger deviations 
for the other systems are due primarily to lack of fit, these observa-
tions support the estimate that the precision of the experimental data 
is ±0.3 mm Hg, 
TABLE VI 
STA.rifDARD ERROR OF ESTIMATE AND MAXIMUM ABSOLUTE 
ERROR FOR EACH SYSTEM WITH EACH MODEL 
(1) (2) (1) (2) 
Hexane-Benzene Benzene-Ethanol 
Standard Max. Abs. Standard Max. Abs. 
Error, Error, .• Error, Error, 
Model 0 2 mm Hg mm Hg o 2 mm Hg mm Hg 
van Laar . 4965 (a) . 9928 (b) .9491 1. 758 
(. 8977) (c) (. 8990) 
Wilson .4807 .9472 .1697 .3421 
(.8977) (, 1015) 
2 Parameter .6325 Ll94 1. 4156 2.90 
Redlich-Kister (.8977) (.8990) 
3 Parameter .4252 .6514 .4341 .7476 
Redlich-Kister (.3810) (.8990) 
4 Parameter .3829 .7016 .0711 .1439 
Redlich-Kister (.2053) (. 4981) 
(a) Standard Error of Estimate= o, defined by equation V-7. 
(b) 
(c) 
Maximum Absolute Error= maximum value of I (II - II 1 )! , nun Hg ca c 
Numbers in parentheses are the values ·Of x1 at which the maximum error occurs. 
(1) (2) 
Hexane-Ethanol 
Standard Max. Abs. 
Error, Error, 












Notice that for the system hexane-ethanol, the standard error for 
the best fit expression is greater than the standard error of the worst 
fit for the other two systems. The poor fit for this system can be par~ 
tially explained. Hougen.and co-workers (17) state that in the evalua,-
tion of R-K constants, "more weight should be assigned to data in the 
middle concentration range than is given by the method of least. 
squares." Excluding end points, three of the ten data points for the 
hexane-ethanol mixture are in the high hexane concentration range, 
where a sharp break in the II-x curve occurs. (See Figure 6.) There-
fore, rather than assigning more weight to the middle concentration 
range, undo weight was given the high hexane composition range in the 
least squares determination of R-K constants. 
Wilson parameters and 4-parameter R-K constants for each system 
are shown below in.Tables VII and VIII. Liquid molar volume data 
tabulated by Prausnitz and co-workers (25) were used in the calculation 
of Wilson parameters, A ... . . lJ 
Vapor compositions, excess Gibbs free energy and activity coeffi-
cients calculated using the best model for each system are tabulated 
with results from Mixon's method in the next section. 
Vapor-Liquid Equilibrium Data by Mixon's Method 
Mixon's method for calculating vapor-liquid equilibrium data from 
II-x data as outl:Lned in Chapter II was programmed for computer use. 
A listing of the program, a block diagram of the iterative procedure, 
and information concerning program input and output are presented in 
Appendix C. 
The program worked very well for the system hexane,-benzene. How-
TABLE VII 
WILSON PARAMETERS FOR EACH SYSTEM AT 25° C 
~·12 - All 














.2489 2209. 77 
*,'t Component 1 is the .first component listed for each system'. 
TABLE VIII 
4-PARAMETER REDLICH-KISTER CONSTANTS FOR 
EACH SYSTEM AT 25° C 
System A' B' C' 
Hexane-Benzene .6403 -.1871 .0832 
Benzene-Ethanol 1. 7633 .3548 .2543 











ever, the program failed to converge for the benzene-ethanol and 
hexane-ethanol systems. The program also failed to converge for the 
55° C TI-x data for these two systems reported by Ho and Lu (16). Pri-
vate communications with Gumowski, a co-author of the Mixon method, 
revealed that these authors had also found systems for which their 
method failed to converge. A combination manual-computer "strong 
arm" technique was used to force the program to converge. Firs_t, the 
E 
program was modified to receive values of G corresponding to each 
value of x 1 as data. Values of GE predicted by the 4-parameter Redlich-
Kister equation were initially used. The program was allowed to pro-
ceed through only one iteration. Based on printed results after this 
iteration, values of GE were estimated by this author and entered 
new 
as new data in the program. This "strong arm" technique was repeated 
several times before all values of (TI - TI ) were 1-~ss than O .05 mm 
calc 
Hg. Even with this complication, the Mixon method resulted in a much 
better fit to the TI-x data than did the best model for each system. 
Table IX compares o values for the Mixon method and the best model for 
each system. 
Because the Mixon method results in a negligible standard error 
of estimate, vapor compositions calculated by this method were plotted 
with the experimental TI-x data for each system in Figures 4, 5, and 6 
of Chapter IV. 
Table X summarizes vapor compositions, excess Gibbs free energy 
and activity coefficients calculated by both methods for the system 
hexane-benzene. Tables XI and XII give the same information for the 
systems benzene-ethanol and hexane-ethanol respectively. This infor-
mation is shown graphically in Figures 7 through 15. In these graphs, 
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values calculated by Mixon's method have been shown as specific points. 
Values calculated by Barker's method have been shown as smooth curves. 
Figures 7 through 15 show that there is excellent agreement between 
VLE data calculated by the Mixon and Barker methods. 
TABLE IX 
COMPARISON OF STANDARD ERROR FOR THE 
MIXON METHOD AND BEST MODEL, 25° C 
Standard Error 
of Estimate-


















Figures 7, 10, and 13 show that each system has an azeotrope point 
at 25° C. For the hexane-benzene system, the azeotrope occurs at a 
hexane mole. fraction of O. 920. Benzene-ethanol has an azeotrope at a 
benzene mole fraction of 0.688. The azeotrope for hexane-ethanol 
occurs at a hexane mole fraction of 0.755. 
Heat of Mixing Data 
Heat of mixing is related to excess Gibbs free energy by the 
relationship 
TABLE X 
VAPOR-LIQUID EQUILIBRIUM DATA AT 25° 
FOR THE SYSTEM N-HEXANE-BENZENE 
Liquid Mole Smoothed Vapor Mole Excess Gibbs 
Fraction Vapor Fraction Hexane, Y1 Free Energy, 
Hexane, x
1 
Pressure, GE, cal/g-mole 
ll, mm Hg 
_E.._ _ I_I_ _I _ ....lL... 
.0500 107 .68 0.1542 0.1479 26 •. 24 23.14 
.1000 115.42 0.2420 0.2466 45.85 42.95 
.1500 121.40 0.3084 0.3175 61.02 59.43 
.2000 126.39 0.3634 0.3719 73.05 72.67 
.2500 130.68 0.4117 0.4164 82.17 82.81 
.3000 134.51 0.4556 0.4550 89.22 90.04 
.3500 137.70 0.4940 0.4904 94.08 94.61 
.4000 140.39 0.5288 0.5245 96.75 96.75 
.4500 J.42.63 0.5610 0.5584 97.16 96. 74 
.5000 144.51 0.5921 0.5928 95.38 94.84 
.5500 146.15 0.6243 0.6281 91.53 91.28 
.6000 147.69 0.6608 0.6645 85.78 86.28 
.6500 149.18 o. 6992 0.7020 79.21 80.01 
.7000 150.61 0.7438 0.7403 71.33 72.60 
.7500 151.90 0. 7733 0.7792 64.40 64.07 
.8000 153.04 0.8200 0.8189 51.13 54.40 
.8500 153.93 0.8691 0.8594 44.31 43.46 
.9000 154.31 0.9039 0.9018 32.76 31.01 
.9500 154.40 0.9459 0.9475 19.14 16.69 
*I Mixon's Method 
II Barker's Method with 4-Parameter Redlich-Kister Equation 
**Component l.is n-hexane. 
C 
Activity** 
Coefficient, y 1 



























































































VAPOR-LIQUID EQUILIBRIUM DATA AT 25° 
FOR THE SYSTEM BENZENE-ETHANOL 
Vapor Mole Excess Gibbs 
Fraction Benzene, Y1 Free Energy, 
GE, cal/g-mole 
I* -1L. __ I_ _ I_I_ 
0.2499 0.2547 40.72 43,13 
0. 3972 0.3922 80.50 83.17 
0.4787 0.4751 117.32 119.67 
0.5301 0.5291 149.41 152.34 
0.5666 0.5662 177 .90 180.99 
0.5940 0.5933 201. 78 205.50 
0.6154 0.6139 222.17 225.80 
0.6320 0.6305 237.96 241.88 
0.6458 0.6444 249.96 253.69 
0.6576 0.6563 257.29 261.15 
0.6641 0.6668 260.61 264.14 
0.6720 0.6759 257.94 262.43 
0.6838 0.6837 251.41 255.67 
0.6877 0.6905 239.35 243.37 
0.6929 0.6965 220.65 224.87 
0.7000 0.7032 195.37 199 .29 
0. 7137 0. 7137 161. 76 165.53 
0. 7398 0.7366 120.11 122.22 
0.7952 0.7970 67 .11 67.70 
II Barker's Method with 4-Parameter Redlich-Kister Equation 
**Component 1 is benzene 
C 
Activity** Activity 
Coefficient, y 1 Coefficient, Yz 
__ I_ -1L. __ I_ -1L. 
3.9857 4.0929 1.0008 1.0025 
3.7496 3.6880 1.0067 1.0110 
3.3443 3.3059 1.0242 1.0270 
2. 9696 2.9618 1.0498 1.0513 
2.6637 2.6610 1.0839 1.0845 
2.4070 2.4036 1.1258 1.1273 
2.1918 2.1828 1.1784 1.1807 
2.0038 1.9955 1.2429 . 1.2460 
1.8435 1.8357 1.3228 1.3252 
1. 7044 1.6981 1.4193 1.4221 
1.5721 1.5781 1.5548 1.5422 
1.4617 1.4 721 1. 7117 1.6946 
1.3772 1.3773 1.8944 1.8938 
1.2870 1. 2919 2.1833 2.1635 
1.2093 1.2152 2.5729 2.5433 
1.1425 1.1473 3.1399 3.1023 
1.0875 1.0893 3.9586 3.9669 
1.0447 1.0431 5.3029 5.3832 
1.0122 l.Oll8 7.9578 7.8669 
TABLE XII 






















































o. 7098 o. 7122 
0. 7206 0.7234 
0.7282 0.7314 
0.7337 0.7373 











II Barker's Method with Wilson's Equation 
**Component 1 is n-hexane. 


























Coefficient, y 1 
__ I_c_ -1.L__ 
8.0087 7.5605 
5.9185 5.8461 
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Figure 7. Vapor Composition at 25.° C for 
the System n..,.;Hexane-B.enzene 
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- BARKER METHOD ( 4 PARAMETER R-K EQ.) 
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Figure 13. Vapor Composition at 25° C for the 






























0 MIXON METHOD 
- BAR KER METHOD ( WILSON EQ.) 
0.2 0.4 0.6 0.8 
x1 , LIQUID MOLE FRACTION HEXANE 


























0 Ml XON METHOD 
- BARKER METHOD. (WILSON EQ.) 
x1 , LIQUID MOLE FRACTION HEXANE 




= 2: T 
-T \ 3T (V-8) 
\. 
This equation may be used to estimate heat of mixing when free energy 
data are available. 
Orye and Prausnitz (24) point out that to a good approximation 
the quantities 0-12 - A11) and (A12 - A22) associated with the Wilson 
equation may be considered to be independent of temperature. When this 
assumption is made, equation 11-36 may be utilized in equation V-8 to 
give 
(V-9) 
Wilson parameters given in Table VII were used to calculate values of 
HM at 25° C for each system. Results of these calculations are summar-
ized in Tables XIII, XIV, and XV. Also tabulated are smoothed values 
of HM determined from the experimental data of Jones and Lu (18). These 
data are presented graphically in Figures 16, 17, and 18. These graphs 
show that equation V-9 gives only a rough approximation to experimental 
Ji data for the systems studies. Qualitatively, the experimental and 
calculated curves compare quite well. 
Excess Temperature-Entropy Product of Mixing 
Equation II-28 rearranged for the calculation of excess temperature-
entropy product gives, 
TABLE XIII 
HEAT OF MIXING DATA AT 25° C FOR THE 
SYSTEM N-HEXANE-BENZENE 















*I Calculated by equation V-9 
II Smoothed experimental data of 












HEAT OF MIXING DATA AT 25° C FOR THE 
SYSTEM BENZENE-ETHANOL 















*I Calculated by equation V-9 
II Smoothed experimental data of 













HEAT OF MIXING DATA AT 25° C 
FOR THE SYSTEM N-HEXANE-ETHANOL 
Liquid Mole Heat of Mixing'~, 










0.70 96 .86 
0. 80 93.89 
0.90 79.93 
*I Calculated by equation V-9 
II Smoothed expe.rimental data of 
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Figure 16. Heat of Mixing at 25° C for the.System n-Hexane-Benzene 
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o EXPERIMENTAL (18) 
w 
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-PREDICTED BY WILSON EQ. 
x1 , LIQUID MOLE FRACTION HEXANE 
Figure 18. Heat of Mixing at 25° C for the System n-Hexane-Ethanol 
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(V-10) 
Values of GE calculated by Mixon's method were combined with Jones' 
i/1- data for the calculation of TSE. Values of HM and GE predicted by 
E 
Wilson's equation were also used to calculate TS by equation V-10. 
Results of these calculations are presented in Tables XVI, XVII, and 
XVIII. Excess temperature-entropy product curves are shown for com-
parison with excess Gibbs free energy and heat of mixing curves in 
Figures 19, 20, and 21, for the systems hexane-benzene, benzene-ethanol, 
and hexane-ethanol respectively. 
The caluclation of excess temperature-entropy product from experi-
mental heat of mixing and excess Gibbs energy data completes the identi-
fication of pertinent thermodynamic mixing properties for each of the 
mixtures studied at 25° C. 
Comparison With Literature Data 
Since there are no previously reported VLE data at 25° C for the 
systems studied, the present data will be compared for mutual consis-
tency with literature data at other temperatures. 
Van Ness (37) shows that 
n 
= (~/T)dP - (J/1/T2 )dT + R l (ln yidx.) 
i=l 1 
(V-11) 
where ~=molar volume change on mixing, cc/g-mole. 
For a liquid mixture with constant composition, equation V-11 may be 
modified to give 
TABLE XVI 
EXCESS TEMPERATURE-ENTROPY PRODUCT AT 25° C 


























*I Calculated by Wilson's Equation 
II Calculated from experimental data 
TABLE XVII 
EXCESS TEMPERATURE-ENTROPY PRODU~T AT 25° C 





















,-162. 7 -69.3 
-155.7 -48.9 
-133. 4 -23.3 
-94.9 7.2 
-42.1 35.0 
*I Calculated by Wilson's Equation 
II Calculated from experimental data 
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TABLE XVIII 
EXCESS TEMPERATURE-ENTROPY PRODUCT AT 25° C 
























-151. 2 -108. 5 
-75.0 -46.5 
*I Calculated by Wilson's Equation 
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Figure 19, Excess Thermodynamic Properties 

















































Figure 20. Excess Thermodynamic Properties 
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Figure 21. Excess Thermodynamic Properties 











In Appendix B the term JP
2
(VM/T)dP is shown to have a negligible effect 
P1 
on the value of GE/T for the systems. studied with small changes, in P. 
Therefore, equation V-12 may be simplified to give 
(GE/T)2 
r d(GE/T) = 
J (GE /T) 1 
(V-13) 
Equation V-13 was used with the present 25° C VLE data and published 
E heat of mixing data for the calculation of G /T data at several temper-
atures for the systems benzene-ethanol and hexane-ethanol. Sufficient· 
l 
heat of mixing data were not available for this calculation with the 
hexane~benzene system. 
M 
Brown and Fack (3) report H data for the entire composition 
range of benzene-ethanol at 25, 35, and 45° C. Brown, Fack and Smith 
(4) report i/1 data at these temperatures for the hexane-ethanol mixture. 
Smoothed values of HM at 0.1 increments of liquid mole fraction wer~ 
read from plots of these data. Each value of HM was divided by the 
square of absolute temperature. Values of -(HM/T2) were plotted as a 
function of temperature for values of x1 ranging from 0.1 to 0.9, 
Points were available at 25, 35, and 45° C and each plot was extrapo-
lated to 55° C. Figure 22 shows typical plots for the system benzene-
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Figure 22. Typical plots of -(HM/T2 ) vs. T for the System Benzene-Ethanol 
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Values of (GE/T) at 25° C were calculated from 11Mixon method 11 
values of GE given in Tables XI and XII. Graphical integration of each 
-(HM/T2) curve from 25° C to the temperature of interest, T2 , led to 
the calculation of GE/Tat T2 by the expression 
E 
(G /T)25o C + (V-14) 
Equally spaced predicted values of GE at T2 were then used as 
data in the computer program for the Mixon method. The program was 
allowed to pass through only one iteration so that predicted values 
of IT and y 1 could be calculated from the predicted values of GE. (See 
equations II-14, II-49, and II,-52). These predicted values of,IT and 
Y1 at temperature T2 resulted from rigorous calculations utilizing 
the experimental 25° C IT-x data from this study and experimental i/1 
data from the literature. 
VLE data at 50° Care reported for the system benzene-ethanol by 
Zharov and Morachevskii (40) and by Udovenko and Fatkoulina (35); 
(The second data are also published by Timmermans· (34) '. ), For compari-
son with these data, values of IT and y 1 at 50° C were predicted by the 
method described above. Predicted IT-x data are compared with smoothed 
experimental values in Table XIX, and predicted y-x data are compared 
with smoothed experimental data in Table XX. Predicted data are com-
pared graphically with experimental data in Figures 23 and 24 for II-x 
data respectively, 
Table XIX and Figure 23 show that the predicted ·and experimental 
II-x data agree qualitatively, but.that the predicted 'IT,-x data are 
TABLE XIX 
PREDICTED AND EXPERIMENTAL VAPOR PRESSURES 

























*I Zharov and Morachevskii (40) 
II Udovenko and Fatkoulina (34) 
TABLE XX 
Smoothed Experimental 




















PREDICTED AND EXPERIMENTAL VAPOR COMPOSITIONS 

























*I Zharov and Morachevskii (40) 
II Udovenko and Fatkoulina (34) 
Smoothed Experimental 
Vapor Mole Fraction 
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Figure 23. Predicted and Experimental Vapor 
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x1 ,LIQUID MOLE FRACTION BENZENE 
Figure 24. Predicted and Experimental Vapor 
Composition at 50° C for the 
System Benzene-Ethanol 
85 
lower than the experimental values by an average of 5 nun Hg. However, 
Table XX and Figure 24 show the predicted y-x data to agree with 
Zharov's data within an average of 0.004 in vapor mole fraction. 
Udovenko's y-x data deviate from Zharov's data and the predicted data 
86 
by an average of about 0.015 in vapor mole fraction. The good agree-
ment'of the predicted y-x data with Zharov's data suggests that the 25° 
C data from this study and Zharov's 50° C data are mutually consistent. 
Since the.predicted IT-x data and the predicted y-x data are thermody-
namically consistent by the c,;ilculational method used, the disagreement 
in predicted and experimental Il-x data suggests that the 50° C experi-
mental vapor pressures are high. The references for the 50° C data give 
no descriptions of the experimental apparatus used. However, if these 
authors used circulating stills which utilized gas caps for pressure 
control, their vapor pressures may be high. 
Predicted values of rr-x data and y-x data for the system benzene-
ethanol were.also calculated at 55° C. The calculated values were com-
pared with experimental data reported by Ho and Lu (16). The results 
of this comparison are not presented in detail since they were very 
similar to the results at 50° C. Again, the predicted y-x data agreed 
very well with experimental values, and the predicted Il-x curve was 
lower than the experimental curve by about 7 nun Hg. 
The last temperature investigated for the system benzene-ethanol 
was 45° C. Predicted VLE data have been compared with experimental 
data reported by Brown and Smith (5). Predicted IT,-x data are tabulated 
with smoothed experimental data in Table XXI. Predicted and smoothed 
experimental y-x data are given in Table XXII. Figures 25 and 26 show 
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PREDICTED AND EXPERIMENTAL VAPOR COMPOSITIONS 
AT 45° C FOR THE SYSTEM BENZENE-ETHANOL 
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Figure 25. Predicted and Experimental Vapor 
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Figure 26. Predicted and Experimental 
Vapor Composition at 45° C 





data and y-x data respectively. Table XXI and Figure 25 show that the 
agreement in predicted and experimental IT-x data is much better than in 
the previous comparisons at 50 and 55 ° C. The predicted curve is 
lower than the experimental curve by an average of only 1.5 mm Hg. As 
in the previous comparisons, the predicted y-x data agree very well 
with the experimental data. In this case, predicted y-x data differ 
from the experimental data by an average of 0.003 in vapor mole frac-
tion. 
The good agreement in predicted and experimental VLE data at 45° C 
leads to the conclusion that the present.25° C IT-x data, the reported 
~ data, and Brown's 45° C VLE data are mutually consistent. 
The method of using the present 25° C IT-x data to predict VLE 
data at different temperatures was also used to analyze the hexane-
ethanol data. Ho and Lu (16) report VLE data for this system at 55° C, 
and Kudryavtseva and Susarev (19) report VLE data at 35, 45, and 55° C. 
Predicted and smoothed experimental IT-x and y-x data at 55° Care given 
in Tables XXIII and XXIV respectively. Graphical comparison appears in 
Figures 27 and 28 for IT-x data and y-x data respectively. Table XXIII 
and Figure 27 show the predicted IT-x data to be lower than Ho's data by 
an average of 12 mm Hg. Kudryavtseva's vapor pressures are between the 
predicted curve and Ho's curve. Ho's vapor pressures may be high since 
he did use a circulating still with a gas cap to regulate pressure. 
Figure 28 shows considerable disagreement in the two sets of ex-
perimental y-x data. At one point, the two sets of data differ by 0.07 
in vapor mole fraction. The predicted y-x curve lies between the two 
experimental curves over most of the composition range. From this com-













*I Ho and Lu 
TABLE XXIII 
PREDICTED AND EXPERIMENTAL VAPOR PRESSURES 
AT 55° C FOR THE SYSTEM N-HEXANE-ETHANOL 
Predicted Smoothed Experimental 
Vapor Pressures, Vapor Pressures*, nun Hg 
nun Hg I II 
528.1 538.1 528.0 
607.5 613.0 615.0 
640.6 654.4 651.1 
656.8 671.9 665.0 
663.0 678.6 668.0 
665.2 679.9 669.0 
664.8 679.2 669.0 
661.0 672.3 668.0 
645.9 654.0 652.0 
(16) 
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II Kudryavtseva and Susarev (19) 
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Figure 27. Predicted and Experimental 
Vapor Pressure at 55° C 
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x1 , LIQUID MOLE FRACTION HEXANE 
Figure 28. Predicted and Experimental 
Vapor Composition at 55° C 




mutually inconsistent: The predicted curve is not consistent with 
either set of experimental data since it. is intermediate between the 
two experimental curves. 
The calculations for this system were repeated for comparison with 
Kudryavtseva's 35° C VLE data. Details of these calculations are not 
presented since they resulted in a comparison qualitatively similar 
to the comparison with Kudryavtseva'.s 55° C data. 
A second approach may be used to demonstrate the mutual consis-
tency of the present 25° C data with the 55° C data reported by Ho 
and Lu (16), Because this second approach is dependent on an acttvity 
coefficient model, it is less rigorous than the previous approach. Re-
call that the Wilson parameters (),,., - A.,) and (A,, ,... A,,) may be 
lJ ll . lJ JJ 
assumed to be independent of temperature over a modest temperature 
interval. Therefore, if the 25° C and 55° C data are mutually consis-
tent, one should be able to calculate 25° C vapor compositions using 
55" C Wilson parameters. 
Parameters (A12 - A11) and (A12 - A22) were calculated for each 
system using the computer program for estimation of non-linear para-
meters to fit Ho's 55° C IT-x data. Table XXV gives these parameters 
for each system. These parameters were used with equations 11,...37 and 
II-38 for calculating A12 and 1\21 at 25° C. Parameters A1 2 and 1\ 21 
were then used to calculate activity coefficients and y-x data for each 
system. The results of these calculations are compared with 25" C y-x 
data from Mixo.n's method in Tables XXVl, XXVII, and XXVIII. Vapor 
compositions calculated using (Aij - A
11
) values from the fit of the 




WILSON PARAMETERS FROM HO'S 55°, C 
DATA FOR EACH SYSTEM 
,\ 12 - ,\ 11 ,\12 - ,\22 
cal/g-mole cal/g-mole 
237.68 202.59 
Benzene-Ethanol 144.35 1625.63 
I:lexane-Ethanol 432.11 2075.36 




COMPARISON OF VAPOR COMPOSITIONS CALCULATED 
BY DIFFERENT METHODS FOR THE SYSTEM 
N~HEXANE-BENZENE AT 25° C 
Liquid Mole Vapor Mole Fraction Differences in.Mole 
Fraction Hexane, Y1 
Hexane, xl I 11 Ill IV 
0.10 0.242 0.245 0.232 -0.003 
0.20 0.363 0.369 0.363 -0.006 
0.30 0.456 0.455 0.456 0.001 
0.40 0.529 0.527 0.532 0.002 
0.50 0.592 0.595 0.602 -0.003 
0.60 0.661 0.664 0.671 -0.003 
0.70 0.744 0.736 0.742 0.008 
0.80 0.820 0.815 0.818 0.005 
0.90 0.904 0.902 0.903 0.002 
I Mixon Method 
II Wilson Equation using parameters from 25° C data 
III Wilson Equation using parameter$ from 55° C data 
IV Difference I-II 














COMPARISON OF VAPOR COMPOSITIONS CALCULATED 
BY DIFFERENT METHODS FOR THE SYSTEM 
BENZENE-ETHANOL AT 25° C 
Liquid Mole Vapor Mole .Fraction Difference in Mole 
Fraction Benzene, y
1 Benzene, xl I II HI IV 
0.10 0.397 0.393 0.390 0.004 
0.20 0.530 0.525 0.524 0.005 
0.30 0.594 0.591 0.590 0.003 
0.40 0.632 0.630 0.630 0.002 
0,50 0.658 0.656 0.657 0.002 
0,60 0.672 0.675 0.676 -0,003 
0,70 0.688 0.692 0.693 -0,004 
0,80 0.700 0.709 o. 711 -0.009 
0.90 01740 0.743 0.744 -0.003 
I·Mixon Method 
II Wilson Equation using parameters from 25° C data 
III Wilson Equation using parameters from 55° C data 
IV Difference I-II 














COMPARISON OF VAPOR COMPOSITIONS CALCULATED 
BY DIFFERENT METHODS FOR THE SYSTEM 
N-HEXANE-ETHANOL AT 25° C 
Liquid Mole Vapor Mole Fraction Difference in Mole 
Fraction Hexane, Y1 
Hexane, Xl I. II III IV 
0.10 0.620 0.618 0.628 0.002 
0.20 0.694 0.695 0.697 -0.001 
0 .30 o. 721 o. 723 0, 722 -0.002 
0.40 0.734 0.737 0.733 -0.003 
0.50 0.739 0.745 0.740 -0.006 
0.60 0.744 o. 751 0.745 -'-0.007 
0.70 0.749 0.755 0.749 -0.006 
0.80 0.758 0.760 0.755 -0.002 
0.90 0. 776 o. 772 o. 771 -0.004 
I Mixon Method 
II Wilson Equation using parameters from 25° C data 
III Wilson Equation using parameters from 55° C data 
IV Difference I-II 














Tables XXVI through XX.VIII show that for each system, 25° C vapor 
compositions calculated using 55° C Wilson parameters are in excellent 
agreement with values calculated by Mixon's method, For the hexane-
ethanol system, values of y 1 calculated with 55° C parameters are in 
better agreement with results by Mixon's method than are values of Y1 
calculated with 25° C parameters. 
These results suggest that the 25° C data from this study and Ho's 
55° C VLE data are mutually consistent. Since 55° C Wilson parameters 
were successfully used to calculate y-x data at 25° C, Wilson parameters 
may be used for the calculation of VLE data for the systems studied at 
any temperature between 25 and 55° C. 
CHAPTER VI 
CONCLUSIONS AND RECOMMENDATIONS 
This study consisted of an investigation of isothermal vapor-
liquid equilibrium for the binary mixtures of hexane, benzene, and 
ethanol. A simplified apparatus for measuring solution vapor pressure 
was designed and constructed. The apparatus was tested for the mix-
tures mentioned at 25° C. From the experimental work and from analysis 
of the results of this work, certain conclusions may be summarized: 
1. The results of this study successfully demonstrate that 
the simplified vapor pressure apparatus designed in this 
study may be used without appreciable sacrifice of experi-
mental accuracy. Measured vapor pressures were esti-
mated to be accurate within ±0.3 mm Hg. 
2. The method described by Mixon for calculating vapor-
liquid equilibrium data from rr-x data is more rigorous 
than the method presented by Barker. Howev~r, the 
Mixon method fails to converge for the rr-x data of 
some non-ideal mixtures. 
3. The Wilson equation is the best 2-parameter model for 
expressing the excess Gibbs free energy of the systems 
studied. In some cases, the 3 and 4 parameter Redlich-
Kister equations provided an improved fit of the experi-
mental rr-x data. 
100 
4. Tabulation of excess Gibbs free energy and subsequent 
calculation of excess temperature-entropy product 
completes the identification of pertinent mixing 
properties for the mixtures studied at 25° C. 
5. The data from this study have been shown to be reason-
ably consistent with literature data for these 
systems at different temperatures. 
101 
The following recommendations suggest modifications of the experimental 
apparatus: 
1. The absolute pressure transducer should be replaced by 
the combination of a differential pressure cell and 
a highly accurate pressure gauge such as the fused 
quartz precision pressure gauge. This combination 
should result in more accurate pressure measurement. 
2. The expansion (Fin Figure 1) above the condenser on 
the equilibrium cell should be eliminated. This expan-
sion complicated observation of the :line of condensation 
during the boiling phase of degassing. 
3. Greaseless joints should again be studied so that the 
use of lubricant between the equilibrium cell and the 
pressure measuring device could be eliminated. 
With regard to future theoretical work, the following recommendation 
is a result of this study: 
The MiJrnn method for calculating VLE data should be 
investigated from a mathematical approach to determine. 
why the method fails to converge for some mixtures. 
This investigation might result in a modification of 
the method which would cause the method to converge for 
all systems. 
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Model numbers, catalog numbers, and descriptive ,information for 
commercial components of the experimental apparatus are listed below 
















Greaseless, high vacuum 3-way stop-
cock. Westglass Cat. No. W-1846. 
Consolidated Electrodynamics Type 
4-313, 0-20 psia absolute pressure 
transducer. Installed in water-
proof adapter Type 4-013. 
Sensitivity: 21.04 mv 
Combined non-linearity 
and hysteresis: ±0.19% FR 
Zero Shift: +0.005% FR/°F 
Sensitivity Shift: -0,002% FR/°F 
Rated Excitation: 5 volts de 
Harrison Laboratories de power 
supply, Model 6201 B, 
Tinsley Thermo-Electric Free Poten-




























Leeds & Northrup Model 2430-C 
Harrison Laboratories de power 
supply, Model 801 C. 
Leeds & Northrup 1 ohm and 2000 ohm 
precision standard resistors 
Duo Seal Model 1402. Rated vacuum: 
0.1 micron 
Curtin Cat. No. 8266Y2. 
Cartesian manostat. Curtin Cat. 
No. 13017-6. 
Fused Quartz Precision Pressure Gage. 
Texas Instruments Model 141A. 
Curtin Cat. No. 16532. Constant 
temperature bath equipped with two 
heaters, a cooling coil, heavy duty 
stirrer, and a Philadelphia Micro-
Set temperature controller. 
Sargent Cat. No. S-84890. 
Brooklyn Type 63/48. Range from 
19°C to 31°C. Divisions of O.Ol°C. 
Mettler Model B6 Semi-Micro, single 
pan balance. Rated accuracy: 
±0.02 mg. 
Modified Abbe Precision Refracto-
meter, Baush & Lomb Cat. No. 33-
45-03-01. Rated accuracy ±0.00003 
units, 
Electric magnetic stirrer. Sargent 
Cat. No. S-76490. 
Laboratory Supplies Company Cat. No. 
Plll. Driven by tap water. May be 
immersed in water bath, 
APPENDIX B 
SIMPLIFICATION OF EQUATION V-12 
In this section, the value of fp 2 (VM/T)dP will be shown to be 
P1 
very small compared with the other two terms in equation V-12. 
Consider an equal molar mixture of hexane and ethanol at 25° C. 
The volume change on mixing may be calculated as, 
~ = V,... (B-1) 
or ~ ~ V - (.5)(132) - (.5)(59) 
= V - 95 cc/g-mole (B:-2) 
Suppose the system exhibits a large volume change on mixing equal to 
about 3% of the ideal molar volume or about 3 cc/g-mole. Under these 
conditions, 
VM/T = 3/298 = 0.01 cc/(g-mole)(°K) (B-3) 





Solution vapor pressures at 55° C and 25° C may be used as system pres-
sures. For the equimolar hexane-ethanol mixture, 
500 mm Hg 
. 
0.66 atm 
Equations B,-3 and B-5 may be used in equation B.-4 to give, 
Using the identity, 
we find that, 
(atm)(cc) 
= 0 .0066 (g-mole) (oK) 






For the equimolar mixture of hexane-ethanol at 298.16° K, calcula-
tions show that, 
GE/T = 1.1028 cal/(g-mole)(°K) (B-9) 
and 
328° K 
f (ir1/T2)dT 298° K,.. -0.0535 cal/(g-mole)(°K) (B-10) 
Relative to these quantities, the value off P
2
(\f1/T)dP given by equa,-
P1 
tion B-8 is negligible. Thi.s reasoning led to simplification.of equa-
tion V-12 to equation V-13~ 
APPENDIX C 
COMPUTER PROGRAM FOR VAPOR-LIQUID EQUILIBRIUM 
CALCULATIONS BY MIXON'S METHOD 
As mentioned in Chapter V, a.computer program was written for VLE 
calculations based on the method described by Mixon and co-workers (22). 
The program is in Fortran IV language. A block diagram, input and out-
put information and a listing of the program are given below. 
Block Diagram 
The following block diagram shows the sequerice of major steps in 
the calculation of VLE data by Mixon.' s method. 
,----~-· 
I Read in and print out input data. 
L - - I 
Calculate system vapor pressures from ~·1· 
thermodynamic relationships. 
Do calculated pressures equal experimental-~ 
vapor pressures? JYES~j__/ 
NO 
Use Mixon method to find improved values 
of excess Gibbs free ener~.~~~~~~~d 
110 
111 
8- Calculate vapor phase compositions and print out VLE data based on assumption of ideal vapor phase solution 
Call Subroutine VIRIAL for calculation of 
I virial coefficients. 
Call Subroutines PURENU, POYCOR, and 
1 PHIVAP for vapor phase corrections 




Does calculated pressure equal experimental 
pressure at each value of x1? 
-
NO YE s 
Use Mixon method to find improved values· 
of excess Gibbs free energy. 
Calculate vapor phase compositions. 
Do values of y equal previously calculated 
? 1 -values of y 1 0 
NO YE s 
- - '-;] II ~ Call Subroutine PHIVAP for calculation of new values of vapor fugacity coefficients. 
-




Required input information for operation of the program is des-
cribed in this section. 
Card 1 





Card 1 identifies the run. Up to 60 spaces of alphameric 
information may be used. 
Variables: T, PSTARl, PSTAR2, XINC 
Format: (4Fl0.0) 
Comments: T = system temperature, °C. 
PSTARl = Vapor pressure of pure component 1, nun Hg. 
PSTAR2 = Vapor'pressure of pure component 2, nun Hg. 
XINC = Increment for liquid mole fraction of component 1. 
Cards 3 through NX+3 





NX = 1. 0/XINC 
P(I) = Smoothed experimental vapor pressures, nun Hg. 
G(I) = Initial guess for the values of GE/RT. 
A card corresponding to each value of x1 is used to read 
in values of P(I) and G(I). Each value of G(I) may equal 
0.0 if the system is one for which the calculation con-
verges. 
Variables: TCl, TC2, PCl, PC2, VCl, VC2 
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= Critical temperature of components in °K. 
Critical pressure of components in atmospheres. 
Critical volume of components in cc/g-mole. 
This card is called by Subroutine VIRIAL. 
Variables: WHl, WH2, DEBYEl, DEBYE2, CONSTl, CONST2 
Format: (6Fl0,0) 
Corranents: WHl, Wh2 - Accentric factors of components. 
Card NX+6 
DEBYEl, DEBYE2 Dipole moments of components in Debye. 
CONSTl, CONST2 = Empirical association constants of 
components. 
This card is called by Subroutine VIRIAL. Dipole moments 
and association cqnstants equal zero for nonpolar compon-
ents. 
Variables: IPOLAR, JPOLAR, Bll, B22 
Format: (215, 2Fl0.0) 
Comments: IPOLAR and JPOLAR refer to components 1 and 2 respectively. 
Card NX+7 
If the component is polar, enter a fixed point number. If 
the component is nonpolar, leave the field blank, 
Bll, B22 = Second virial coefficients for components 1 and 
2. If experimental values are available, enter them; 
otherwise leave the fields blank. 
Variables: VLIQl, VLIQ2 
Format: (2FlQ •. O) 
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Card NX+7 (Continued) 
Comments: This card is called by Subroutine POYCOR, VLIQl, VLIQ2 = 
Pure component molar volumes of components 1 and 2 at sys-
tem temperature, cc/g-mole, 
Output Information 
A printout of input data preceeds the calculated results. In-
eluded in the results are VLE data based on the assumption of an ideal 
vapor phase. This output includes liquid and vapor compositions, ex-
perimental and calculated vapor pressures, excess Gibbs energy function, 
and activity coefficients. 
This information is printed again after corrections for a non-
ideal vapor phase have been made. 
Fortran Listing 
Following is a complete listing for the main program and Sub-
routines VIRIAL, PURENU, POYCOR, and PHIVAP. 
C 
FORTRAN LISTING OF PROGRAM FOR 
VAPOR-LIQUID EOUILIBRIUM CALCUCATIONS 














2 FORMAT ll5A4* 
KKK= 1 
WRJTEJ!0,3*1ANAMF)I*,I • 1,15* 




4 FORMAT)//22H SYSTEM TEMPERATURE 
1F8.3,10H PSTARZ = ,F8.3* 
TABS= T • 273.16 
K 0 
R = 82.07 
U = R*TABS 
Xll* = l.OF-20 
NX = lo/XINC 
,F6.Z,22H DEGREES Co PSTARl = • 
C INCREMENT MOLE FRACTION OF MORE VOLATILE COMPONENT BY X!NC. 
C READ IN VALUES OF Pl!* AND Gl!*• ALL VALUES OF Gil* MAY= o.o. 
C 
C 
NXl = NXol 
DO 30 I = 2,NXl 
30 XII*= Xll-1* .XINC 
25 DO 45 I = l,NXl 
RFADIIN,46* PlI*,Gll* 
46 FOR~AT )2Fl0.0* 
45 CONTINUE 
WRITE)IO,t1B*NXJ 




DO 13 I 2,NX 
POYNT 1) I* = 1. 
POYNT2ll* = 1. 
PH!lll* 1 • 
13 PHI 21 l* = 1 • 
C WITH THF INITIALLY ASSUMFl"l VALUES OF FXCFSS G!BB5 FNFRGY Ft!NCT!ON, 
C CALCULATE SOLUTION VAPOR PRESSURES AND LIQUID PHASE ACTIVITY COEFF!-
115 
C CIENTS AS FUNCTIONS OF LIQUID COMPOSITION. 
C 
( 
140 DO 50 I = 2,NX 
DGDXll* = lGll.l*-Gll-1**1)2.0*XINC* 
GAMAll!* = EXP)G)l* .DGDXll* -Xll**DGDXll** 
50 GAMA2l!* = EXP)Gll*-Xll**DGDX)I** 
IF lK* 605,55,605 
55 DO 56 I = 2,NX 
56 PRES)!*= X)l;>*PSTARl*GAMAl)l**PUREl*POYl\!Tlll*/PH!l)!* • )1.0-X)l* 
l**PSTAR2*GAMA2)l**PURF?*POYNT2)l*/PH!2Jl* 
C COMPARE CALCULATED PRESSURE \</ITH EXPERIMENTAL PRESSURE. 
C 
C 
600 DO 80 I = 2,NX 
DIFF =AOS)Pl l*-Pf~ESl !*·~ 
IF lDIFF-.001* 80,80,70 
70 GO TO 90 
80 CONTINUE 
C lJSf BL.OCK l?"LAX,H!ON TF(Hf\lJ()IJF T() Frnn AN IMPROVED VALlJF OF G. IJ<;!C 
C TH[ IMPROVED VALlJF TO RFCALCULATF VAPOR PRFS.SURE A/\lf) ACTIVITY COFFF. 
C 
C 
IF lK* 700,100,700 
90 DO 110 I 2,NX 
PARPl)J* = Xll**GAMAlll**PSTARl*POYNTlll**PUREl/PH!lll* 
PIDEL)I* = Xll**PSTARl 
All* -l.O*llPARPl)l*-PIDELll**/l2.0*XlNC** 
110 Bl!*= PRESlP 
v/l 2* = PRES) 2* 
BEl2* = -)/1)2*/Wl2** 
Fl2* = lP12*-PRES)2**/Wl2* 
DO 12 0 I = 3, N X 
'Afl!* = Bl!* - A)l**flE)l-1* 
>\Fl!*= -)All*/\./)J*lf 
J.20 F)Jlf = )P)P·-PRFS)I*-All**Fll-1**/WlI* 
GE)NX* = F)NX* 
NXX = NX - 1 
DO 130 I = 2,NXX 
J = NXl - I 
130 GE)J* = FlJ* - BElJ**GE)J.l* 
DO 135 I = 2,NX 
135 Gll* = Gll*. GEIi* 
DO 58 I = 2,NX 
':>8 \oJRJTEl!0,57* Xll*,PlT*,PRFSlI*,GAMAlll*•Gll*,Gfll* 
57 FORMAT l4Fl2.4,2Fll.6* 
KKK= KKK • 1 
IF lKKK-10*140,1,1 
C AFTER THE PRESSURE CALCULATION CONVERGES TO EXPERIMENTAL VALUES, 
C CALCULATE VAPOR PHASE COMPOSITION BASED ON THE ASSUMPTION OF AN 
C IDEAL VAPOR PHASE. 
C 
100 DO 150 I = 2,NX 
Yll* = X)JlH<·PSTARl*GAMAlll**PlJRFl*POYNTlll*/lPHllll**PRESll** 
150 YPREVll* = Yll* 
WRITE l IO, 15 5 * 
155 FORMAT)//RQH IF ONE ASSU~ES IDEAL SOLUTION BEHAVIOR FOR THE VADOR 
lPHASE, THE VLE DATA ARE AS FOLLOWS.* 
800 WRJTElI0,160* 
160 FORMAT)/82H Xl Yl P EXPTL P CAL( EXCES 
IS GIRT GAMMA 1 GAMMA 2//* 
DO 200 I = 2,NX 
2 00 WR l TE l IO, 1 7 O*X l I*, Y l I*, Pl l *,PRES l I*, G l I*, GAMA 1 l l *, GAMA2 l I* 
116 
C 
170 FORMAT )3XtF6o4t6X,F6o4t6X,F7o3,6X,F7o3,5XeF6o4,5XeF7o4,5X,F7o4/* 
IF IK* lt760,1 
760 K = Kol 






730 CALL PHIVAP 
605 DO 601 I = 2,NX 
601 PRES)!*= Xll**PSTARl*GAMAlll**PUREl*POYNTlJl*/PHllll* • 11.0-X)I* 
l**PSTAR2*GAMA2Jl**PURE2*POYNT21I*/PHI211* 
GO TO 600 
C AFTER PRESSURE CALCULATIONS CONVERGE, CALCULATE VAPOR PHASE COMPOSI-
C TIONS. COMPARE THESE VALUES WITH THE MOST RECENTLY CALCULATED VALUES. 





700 DO 705 I = 2,NX 
705 VII*= Xll**PSTARl*GAMAlll**PUREl*POYNTlll*llPHllll**PRESII** 
DO 710 I = 2,NX 
COMP= ABSJYJI•-YPREVJI** 
IF)COMP-0.0001* 710.710,720 
720 GO TO 780 
710 CONTINUE 
GO TO 785 
730 DO 790 I = 2,NX 
790 YPREVII* = VII* 
GO TO 730 
785 WRITEJI0,750* 
750 FORMATl//79H AFTER CORRECTIONS FOR VAPOR PHASE NON-IDEALITIES, THE 
l VLE DATA ARE AS FOLLOWS•* 




C SURROUTINE VIRIAL CALCULATES PURE AND MIXED SECOND VIRIAL COEFFICTFNTS 
C FOR THE COMPONENTS OF A BINARY MIXTURE. THE CORRELATION OF PRAUSNITZ 
C HAS BEEN USED. THE CORRELATION IS APPLICABLE FOR BOTH POLAR AND NON-









100 FORMAT l6Fl0o0* 
WRITEJI0,112*TC1,TC2,PC1,PC2,VC1,VC2 
112 FORMATJ//64H THE CRITICAL CONSTANTS IN DEGREES Kt ATM, AND CC PFR 
lG-MOLE ARE,/9H TCll* = ,F7,2,9H TCl2* = ,F7o2t9H PCll* = ,F7.2,9H 
1PCl2* = ,F7o2,9H VCll* = ,F7o2,9H VCl2* = ,F7o2* 
READJIN,llO*WHl,WH2,DEBYEl,DEBYE2,CONSTl,CONST2 
110 FORMAT l6Fl0o0* 
WRITEllO,ll4*WHl,WH2,DEBYEltDEBYE2,CONSTl,CONST2 
114 FORMAT)//63H OTHER INPUT DATA FOR CALCULATION OF SECOND VIRIAL COE 
lFFICIENTS,/BH WHl = ,F6,3,7H WH2 = ,F6o3,10H DEBYEl = ,F6.2,10H D 
1EBYE2 = ,F6,2,10H CONSTl = ,F5.2,10H CONST2 = ,F5,2* 
117 
C IF COMPONENT 1 IS POLAR, ENTER A FIXED POINT NUMBER IN COLUMNS 1-5. 
C IF THE COMPONENT JS NON-POLAR, LEAVE THE FJELD BLANK. DO THE SAME 
C FOR COMPONENT 2 IN COLUMNS 6-10. 
C IF EXPERIMENTAL DATA ARE AVAILABLE, ENTER THE VALUES OF Bll AND/OR 822 
C IF EXPERIMENTAL DATA ARE NOT AVAILABLE, LEAVE THE FIELD BLANK AND THE 
C PRAUSNJTZ CORRELATION WILL BE USED. 
C 





375 FORMATl//26H COMPONENT 1 JS NON-POLAR.* 
GO TO 380 
360 WRITEIJ0,365* 
365 FORMAT)//22H COMPONENT 1 IS POLAR.* 
380 IFIJPOLAR* 361,371,361 
371 WRJTEJI0,372* 
372 FORMATJ//26H COMPONENT 2 IS NON-POLAR.* 
GO TO 390 
361 WRJTEIJ0,362* 
362 FORMAT)//22H COMPONENT 2 rs POLAR.* 
390 B = All 
IFJBll* 330,392,330 
392 TRED • lABS/TCl 
GO TO 140 
150 TRED = TABS/TC2 
B = 822 
!F)B22* 320,140,320 
140 FBO = I ll-0.0121/TRED -O.l385**lo0/TRED-Oo330**1•0/TRED .0.1445* 
FBI= ll)l-0.0073/TRED**5-0.097**1•0/TRED-0.50**l•O/TRED.Oo46**lo0 
l/TREDoOo073* 
IF JN-1* 160,170,180 
160 IF IIPOLAR* 200,300,200 
170 IF IJPOLAR* 201,301,201 
300 W = WHl 
TC: TCl 
PC= PCl 
GO TO 302 
301 W = WH2 
TC= TC2 
PC" PC2 
302 CON= O.O 
FUNCT = O.O 
FATR = O.O 
303 B = lR*TC/PC**)FBO.W*FBloFUNCT.CON*FATR* 
IF 11-N* 310,320,330 
330 WRITEJI0,331* T,B 
331 FORMATl//48H THE SECOND V!RIAL COEFFICIFNT OF COMPONENT 1 AT,F7.2, 
112H DEGREES C =,F8.l,14H CC PER G-MOLE* 
B 11 = B 
N = N.l 
GO TO 150 
200 DEBYE = DEBYEl 
TC= TCl 
PC= PCl 
W = WHl 
CON= CONSTl 
GO TO 210 
201 DEBYE = DEBYE2 
TC= TC2 
PC= PC2 





210 DERED = llOOOOO.O*DEBYE**2*PC*/lTC**2* 
1Fl4o0 - DERED* 211,211,212 
212 FUNCT = O.O 
GO TO 213 
211 FUNCT = -5.237220 o5o665B07*ALOGIDERED*-2ol33816*1ALOGIDERED***2* 
1.0.2525373*1ALOG)DERED***3*ollo0/TRED**l5o769770-6.181427*1ALOGIDE 
lRED**o2.283270*1ALOGlDERED***2*-0.2649074*lALOGIDERED***3** . 
213 FATR= EXPl6o6*10o7-TRED** 
GO TO 303 
320 WRITEII0,321* T,B 
321 FORMAT)//48H THE SECOND VIRIAL COEFFICIENT OF COMPONENT 2 AT,F7o2, 
112H DEGREES C =,FB.1,14H CC PER G-MOLE* 
B22 = B 
N = Nol 
340 TC12 = SORTITCl*TC2* 
TRED = TABS/TC12 




GO TO 140 
180 W = Oo5*1WHloWH2* 
IFIDEBYE1*220,221,220 
220 IFIDEBYE2*222,221,222 
222 CON =lOo5*1CONSTloCONST2** 
DERED = llOOOOOoO*DEBYEl*DEBYE2*PC12*/ITC12**2* 
IF 1400-DERED* 211,211,223 
221 CON= o.o 
223 FUNCT = OoO 
GO TO 213 
310 WRITEII0,3ll*T,B 
311 FORMATl//45H THE SECOND MIXED VIRIAL COEFFICIENT, B12, AT,F7~2tllH 
lDEGREFS C =,FB.1,14H CC PER G-MOLE* 




C SUBROUTINE PURENU CALCULATES THE PURE COMPONENT VAPOR PHASE FUGACITY 
C COEFFICIENTS AT THE SYSTEM TEMPERATURE AND PURE COMPONENT VAPOR PRES-
( SURE. THE VIRIAL EQUATION OF STATE TRUNCATED AFTER THE SECOND TERM 







PATMl = PSTARl/7600 
PATM2 = PSTAR2/760. 
RADl = 1. • 14.0*Bll*PATMl/U* 
RAD2 = lo • l4.0*B22*PATM2/U* 
VVOLl )l.OoSORTIRADl**/l2oO*PATMl/U* 
VVOL2 = 1l.OoSQRTIRAD2**ll2o0*PATM2/U* 
VLOGl = 12.0*Bll/VVOLl* - ALOGlloOoBll/VVOLl* 
VLOG2 = l2.0*B22/VVOL2* - AL0Gllo0oB22/VVOL2* 
PUREl = EXPIVLOGl* 
PURE 2 = EXPIVLOG2* 
WRITEII0,510*PURE1,PURE2 







C SUBROUTINE POYCOR CALCULATES THE POYNTING CORRECTION FOR THE LIQUID 
C STANDARD STATE FUGACITY. THE POYNTING CORRECTION IS A FUNCTION 











DO 410 I = 2,NX 
POYNTlll* = F.XPIVLIOl*IPII*-PSTARl*/)U*760eO** 







C SUBROUTINE PHIVAP CALCLJLATFS THE VAPOR PHASE FUGACITY COEFFICIENT. 
C THE FUGACTTY COEFFICIENT IS USED TO CORRFCT THE ASSUMPTION OF AN IDEAL 
C VAPOR PHASE SOLUTION. THE VIRIAL EQUATION TRUNCATED AFTER THE SECOND 








IN = 1 
JO= 3 
WRITElI0,520* Bll,B22,B12 
520 FORMAT l3Fl0o2* 




PATM)I* = Pll*/760.0 
RADII*= loO el4oO*BMIX)l**PATMll*IU* 
VII*= ll.O.SQRTIRADll***/l2oO*PATM)l*/U* 
PLOGlll* = 12.0/V)l***lll.O-Y)i***Bl2.Y)l**Bll*-ALOG)l.O.BM!Xll*/V 
l) I** 
PLOG211* = l2oO/Vll***lYll**Al2 oll.O-Yll***R22* -ALOGlloO,BMIXll* 
1/V!l** 
PH!lll* = EXPIPLOGlll** 
PHl211* = EXP)PLOG2) I** 
WRJTEII0,540* PH!lll*,PHl211* 
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